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NR A Tracies 


Case 

1 s 

16 

17 

IS 

1 9 

20 

21 

22 

24 

25 

26 

Configuration 

2A-1 CS- 

14 

2A-2 

2A-3 

2A-3 W- 
11 

2B*1 

2B-1-OTF5 

3A-1 

3A-2 

4A-1 

4 A-2 

3A1M 

WEIGHTS (lb) 
AIRFRAME 

123,476 

121.776 

127,266 

132,631 

136,352 

143,763 

116,765 

124,931 

126,137 

134,396 

123,666 

• Control Surfaces Str 

30,799 

26,672 

31,620 

34,526 

30,373 

31,401 

29,420 

30,334 

27,616 

26,932 

30,197 

wing atr 

23,742 

21,874 

24,429 

27,145 

22,879 

23,653 

20,576 

21,216 

20,605 

21,430 

21,120 

tai atr 

5,497 

5,451 

5,601 

5,751 

5,638 

6,035 

5,321 

5,487 

5,819 

5,844 

5,462 

canard 

0 

0 

0 

0 

0 

0 

2,012 

2,074 

0 

0 

2,065 

body (lap 

1,560 

1,547 

1,590 

1,632 

1,657 

1,713 

1,510 

1,557 

1,595 

1,659 

1,550 

Spsed Brake 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

• Primary Structure 

37,961 

56,726 

59,692 

62,639 

70,374 

72,669 

55,966 

61,354 

62,625 

69,004 

56,154 

Forward Fuselage 

1,635 

1,621 

1,666 

1,710 

1,736 

1,795 

1,605 

1,655 

2,196 

2,284 

1,647 

Payload Section 

12,197 

12,099 

12,749 

13,072 

13,408 

13,636 

7,911 

8,144 

15,072 

14,241 

8,109 

PI L pcov 

3,702 

3,782 

3,782 

3,782 

3,782 

3,702 

3,472 

3,472 

4,712 

4,712 

3,472 

Lh2 Tank 

11,337 

12,507 

10,104 

11,964 

8,894 

9,253 

10,141 

13,421 

12,965 

17,622 

8.710 

02 tank 

10,017 

10,703 

11,071 

11,441 

11,655 

12,147 

15,176 

15,770 

13,970 

14,677 

13,424 

RP tank 

1,431 

1,416 

1,465 

1,514 

1,542 

1,607 

1,703 

1,770 

1,471 

1,544 

1,760 

Outer Shell (Non Int Lh2 Tan 

0 

0 

0 

0 

9,790 

10,121 

0 

0 

0 

0 

4,545 

Body Fairings 

4,420 

4,390 

5,944 

6,103 

4,696 

5,062 

3,687 

3,801 

0 

1,979 

3,784 

Cany Thru A Attach 

3,436 

3,407 

3,501 

3,595 

3,649 

3,772 

3,328 

3,430 

3,741 

3,653 

3,414 

Thrust Str 

0,098 

8,600 

9,330 

9,656 

11,022 

11,511 

8,965 

9,892 

8,491 

8,292 

9,200 

• TP8 

31,216 

30,706 

32,421 

31,631 

31,926 

35,660 

30,526 

30,314 

32,132 

32,779 

32,399 

ACC 

3,230 

3,215 

3,290 

3,364 

3,407 

3,505 

4,362 

4,477 

3,299 

3,410 

4,459 

AETB 

4,952 

5,695 

6,032 

5,645 

6,134 

5,955 

6,079 

6,238 

5,967 

6,169 

6,214 

AFRSI 

11,600 

11,772 

12,154 

12,134 

12,362 

10,552 

10,506 

10,853 

11,156 

11,527 

11,336 

TABI 

7,054 

7,797 

7,979 

7,652 

7,871 

7,076 

7,309 

7,655 

8,665 

10,232 

8,067 

Carbon SHioone 

649 

0 

0 

0 

0 

6,385 

0 

0 

0 

0 

0 

Cryo Insulation 

2,918 

2,027 

2,967 

3,036 

2,163 

2,216 

2,270 

1,091 

2,645 

1,440 

2,323 

‘Miscellaneous 

9,496 

3,471 

3,552 

3,633 

3,679 

3,764 

2,654 

2,929 

3,562 

3,682 

2,918 

purge & vent 

1,194 

1,186 

1,213 

1,241 

1,257 

1,293 

1,162 

1,192 

1,217 

1,258 

1,188 

Thermal Control 

2,302 

2,286 

2,339 

2,392 

2,422 

2,492 

1,692 

1,737 

2,345 

2,424 

1,730 

PROPULSION 

79,240 

76,367 

61,196 

64,042 

65,445 

69,229 

74,731 

77,600 

63,323 

67,703 

77,679 

engines 

46,102 

47,571 

49,294 

51.028 

52,030 

54,341 

46,201 

48,106 

49,504 

52.115 

47,820 

Engine Fit Coot 

5,760 

5,696 

5,903 

6,110 

6,230 

6,507 

5,532 

5,760 

5,928 

6,241 

5,726 

prop end pres 

16,474 

16,292 

16,882 

17,476 

17,676 

10,356 

14,462 

16,048 

10.716 

19,704 

16,298 

OMS thrusters 

3,018 

2,986 

3,090 

3,194 

3,255 

3,393 

2,904 

3,018 

3,102 

3,259 

3,001 

ACS 

3,347 

3,312 

3,427 

3,542 

3,610 

3,764 

3,22 1 

3,347 

3,440 

3,614 

3,328 

OMS tank 

2,538 

2,510 

2,601 

2,692 

2,746 

2,068 

2,421 

2,521 

2,632 

2,771 

2,506 

SUBSYSTEMS 

20,018 

19,679 

20,330 

20,760 

21,043 

21,637 

19,507 

20,007 

20,363 

21,060 

19,932 

avionics 

1,055 

1,055 

1,855 

1,855 

1,855 

1,855 

1,855 

1,855 

1,055 

1,855 

1,855 

Env Cont - Active 

1,449 

1,441 

1,466 

1,490 

1,504 

1,536 

1,420 

1,447 

1,469 

1,505 

1,443 

Power Dist 

3,281 

3,263 

3.319 

3,375 

3,406 

3,478 

3,215 

3,277 

3,326 

3,409 

3,268 

Power Generation 

1,318 

1,311 

1,333 

1,355 

1,368 

1,397 

1,291 

1,316 

1,336 

1,369 

1,312 

Mechanical System* 

3,615 

3,596 

3,650 

3,719 

3,753 

• 3,833 

3,542 

3,611 

3,665 

3,756 

3,600 

landing gear 

8,361 

8,273 

8,559 

8,847 

9,015 

9,399 

8,045 

8,361 

8,593 

9,026 

8,314 

range safety 

140 

140 

140 

140 

140 

140 

140 

140 

140 

140 

140 

SUB TOTAL 

222,734 

220,021 

228,611 

237,654 

242,640 

254,629 

213,023 

222,738 

229,643 

243,159 

221,279 

margin 

33,410 

33,003 

34,322 

35,648 

36,426 

38,194 

31,953 

33,411 

34,476 

38,474 

33,192 

EMPTY WEIGHT 

256,144 

253,024 

263,133 

273,302 

279,266 

292,624 

244,977 

256,149 

264,319 

279,633 

254,471 

Mac (Frost, Buoyancy etc) 

1,347 

1,347 

1,347 

1,347 

1,070 

1,070 

1,390 

1,390 

1,497 

1,497 

1,390 

payload 

26,000 

26,000 

26,000 

26,000 

26,000 

25,000 

26,000 

26,000 

26,000 

25,000 

25,000 

ORY WEIGHT 

282,491 

279,371 

269,460 

299,649 

305,336 

316,694 

271,367 

262,639 

290,016 

306,130 

260,861 

propellant 

2,622,090 

2,693,106 

2,687,066 

2,781,664 

2,636,397 

2,962,419 

2,616,400 

2,622,246 

2,698,430 

2,840,776 

2,606,648 

QLOW 

2,904,590 

2,672,477 

2,976,545 

3,061,233 

3,141,733 

3,261,313 

2,769,767 

2,904,765 

2,969,246 

3,146,906 

2,887,509 
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1A Option Ranked Best For Verification Effort 


SSTO ■ J 


1b. Verification Effort - (Qualitative evaluation) - The candidate vehicle options are rated according to the perceived 
effort of analysis, development testing, demonstration testing, and inspection required for verification of 
structure and TPS. Verification includes certification plus the addition of inspection to ascertain adherence of 
the as-built vehicle to drawings and specifications. 
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SC * 1 b Verification Ranking I 
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1 A -1 

1.00 


1.00 

0.16 

1.00 

0.36 

1.05 
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1.01 















1 A -2 

1.01 

0.28 
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1.09 
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1.04 















1 A -3 
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1.08 
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1.07 
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1.12 
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1.10 
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1.40 
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1.03 
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1.16 
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1.12 
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1.14 
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1.18 

0.36 

1.24 

0.20 

1.17 
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1.29 

0.20 

1.44 


■i 













4 A -2 

1.28 

0.28 

2.62 

0.16 

1.28 
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IA-1-lnt-Opt 11 
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DESIGN AND PRODUCTION COMPLEXITY - IHM Effort 


The candidate vehicle options are rated according to the perceived effort of development and installation of IHM.. For example, 
stringer skin constructions have a limited number of components (skin and TPS layers). However, the complexity of the design will 
cause more intensive instrumentation to monitor, more intensive inspections and more intensive maintenance. This category is assessed 
on the surface are that these structures (tanks) will cover. The rationale being that the more surface area the structure has of a 
particularly difficult design the more difficult the structure will be to inspect, monitor and maintain. The critical features of these 
designs were considered to be stringer/skin designs, non-integrated designs and material selections. 

In general, the design and production complexity - IHM effort was based on several assumptions. These assumptions reflect the 
difficulties of inspection and instrumentation of the design configurations during the fabrication process, in-flight monitoring and post- 
flight testing as applied to design and materials selections. This assessment of the different design configurations of SSTO is based on 
several general assumptions. These assumptions reflect the difficulties of inspection and instrumentation of the design configurations 
during the three phases of the vehicles life: 1) Fabrication, 2) Post-flight testing and 3) IHM instrumentation as applied to design and 
materials selections. 

Design Assumptions 

Several design considerations affect the ability of the structure to be inspected. Primary design considerations include the complexity of 
the design, the surface area to be inspected, the number of fracture critical components and the number of components to be inspected 
of instrumented. 

Complexity of design 

Inherently, simple designs tend to be better suited to inspection and instrumentation than do complex designs. The more complex 
designs, such as skin and stringer designs have a bend and protrusions that limit accessibility to hardware, inspection techniques, 
implementation and interpretation. It was also assumed that a more complex design may also require fabrication of specific tooling to 
facilitate inspection. 

Surface Area 

Since the NDI technologies to be employed by IHM/NDI are dependent on the area of coverage (rather than on the thickness of the 
hardware), larger surface areas would be more difficult to inspect and instrument. This implies that the elongated and multiple lank 
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The critical feature factor of stringer design evaluation as applied to in-flight IHM monitoring indicated that This configuration has a 
greater number of critical points of instrumentation. The bond lines and comers associated with the stringer stiffeners are stress 
concentration points that would require a concentrated level of instrumentation. It is considered that the acoustic emission transducers 
would be concentrated along the stringers and that the configuration complexity would make the signals more difficult to interpret. A 
correction factor of 3.0 was applied to the stringer designs to compensate for these difficulties 

The critical feature factor of stringer design evaluation as applied to post-flight inspections indicated that due to the tight bend radius 
would be difficult to evaluate using NDI techniques. Current laser based ultrasonics only allow for 30 degree angle from the inspection 
plane. This indicates that complex tooling would be required for inspection. This configuration has a greater number of critical points 
of interest. The bond lines and comers are stress concentration points that would require a concentrated level of inspection. A 
correction factor of 3.75 was applied to the stringer designs to compensate for these difficulties. 

Critical feature factor of non integral designs 

The critical feature factor of non integral design evaluation as applied to the fabrication processes indicated that these designs have 
multiple skins that would require multiple inspections prior to installation. This design also increases the number of bond lines. In 
addition it was considered that a structure would have to support the internal tank that would increase the number of critical inspection 
points. A correction factor of 2.0 was applied to non integral designs to compensate for these difficulties. 

The critical feature factor of non integral design evaluation as applied to in flight IHM monitoring indicated that these designs have 
multiple skins would effectively double the area for instrumentation. This design also increases the number of bond lines and a support 
structure for the internal tank that would increase the number of critical instumentation points. A correction factor of 2.0 was applied 
to non integral designs to compensate for these difficulties. 

The critical feature factor of non integral design evaluation as applied to post flight inspections indicated that these designs have 
multiple skins would effectively double the area for instrumentation. This design also increases the number of bond lines and adds a 
support structure for the internal tank that would increase the number of critical inspection points. A correction factor of 2.0 was 
applied to non integral designs to compensate for these difficulties. 

Critical feature factor of designs which utilize ceramic composites 

The critical feature factor of designs that utilize ceramic composites as applied to fabrication inspections indicated that there has been 
limited application of NDI techniques applied to ceramic composites. This indicated that inspection of this material may require 
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Critical feature factor of designs which utilize a mechanical TPS attachment 

The critical feature factor of designs that utilize a mechanical attachment as applied to fabrication inspections indicated that there would 
be additional difficulties associated with this design. This indicated that inspection of this material may require advanced techniques or 
development of techniques to inspect the mechanical attachments and the gaps. Therefore a correction factor of 2.0 for designs with 
mechanical attachments. 

The critical feature factor of designs that utilize a mechanical attachment as applied to fabrication inspections indicated that there would 
be additional difficulties associated with in flight IHM monitoring. NDI techniques may have to be concentrated to adequately monitor 
the mechanical attachments. In addition it is suspected that the attachments may not adequately transfer an acoustic signal from the 
panel to the base. This may require advanced techniques or development of techniques. It is also expected that if these techniques 
cannot be developed, then the outer panels may not be monitored during flight. Therefore a correction factor of 2.0 for designs with 
mechanical attachments was applied. 

The critical feature factor of designs that utilize mechanical attachments as applied to post flight inspections indicated that there may be 
additional difficulties associated with post flight inspections. This indicated that inspection of this material may require advanced 
techniques, development of techniques and concentrated inspections. A correction factor of 2.0 was applied to designs with mechanical 
attachments to compensate for these difficulties. 

Trade study process 

The trade study consisted of a composite score for each of the design configurations for each of the three phases of the vehicles life (in 
fabrication inspection, post flight inspection and in flight inspection). The composite score for each of these categories is based on 
composite structure configuration, fracture critical areas, general surface areas as applied to each component of each configuration for 
fabrication, post flight inspections and in flight monitoring. The score represents the relative difficulty level in inspecting each 
component. The three parts of the composite score (fabrication, in-flight IHM and post-flight inspection) are weighted equally for the 
scope of this investigation. The scores are then converted to a 1 to 10 approximation based on 10 being the highest composite score. 

The composite scores were based on several assumptions related to the design configurations. The following general and critical areas 
of inspections were derived from simplified tank structures. It was assumed that the critical areas of inspection only included the area 
up to the splice, not to the frame. The critical areas were doubled to account for a more intensive inspection or instrumentations. The 
wing attachment points were scored according to the wing attachment area. Due to the similarities between designs, the wing, nose, 
canard, payload canister areas are not included in this investigation. 
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Table 2. Number of variables and applied difficulty factor 
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1A-1 And 1A-1 Intertank Options Have Lowest 
Primary Structure Weights 

ssro 



2a. Primary structure weight- (Quantitative evaluation) - The candidate vehicle options are rated according to the 
determined total structure weight. 


Structure Weight (Low Is Best) 


1A-1 

1 


1 A-2 

V . 1 . L ”l 


1 A-3 

...... , . ■■■•-;- 1 1 


1 A-4 

*— 1 — 1 1 


IB-1 

' ’ ‘ . . . • 1 


2A-1 

■ . ■ ... . ' - i 


2A-2 

' ' .. • ' ...... v 1 


2A-3 

S “i : . ‘ . p 


2B-1 


p 

3 A-1 

- — ' ‘ ‘“l 


3A-2 

' ..: ‘ "1 


4A-1 

1 ■■ 1 1 1 — 1 


4 A-2 

1 ... 1 1 


1 A-1 - Int-Optl 1 

1 1 i 


2 A-1 -Int-OptIO 

i 


2 A-1 - Int-Optl 1 

* — i 


2A-1 - Wg-OptIO 

■ ■■■■ ■ i 


2A-1 - Wg-Opll 1 

1 . 1 1 l 


2 A-1 - Wg-Optl 2 


□ 

2 A-1 - Tl-Optll 

1 — ‘ ' *— :■:■■■■ 1 -1 


2 A-1 - CS-Optll' 

' . ' ..v... i 


2A-1 - CS-Opt14 



2 A-3 - Wg-Opll 1 

. , ... . ■■ . . 1 ; | 

2B-1-OTF5 



OK 20 K 40 K 60 K 80 K 100 K 120 K 
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TPS Weights 


SSTO '• J 


2b. TPS weight - (Quantitative evaluation) - The candidate vehicle options are rated according to the determined 
total TPS structure weight. 



TPS Weight (Low Is Best) 


Ranking (High Is Best) 
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2A-3 - Wg-Optl 1 
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1A-1 And 1A-1 Intertank Options Have Lowest 
Vehicle Dry Weights 



2c. Total dry weight - (Quantitative evaluation) - The candidate vehicle options are rated according to the 
determined total Vehicle dry weight . 
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1A-1 And 1A-1 Intertank Options Have Lowest 
Vehicle Gross Fueled Weights 

SSTO 

3a. Gross fueled weight sensitivity - Quantitative Evaluation - The candidate vehicle options are rated according to 
the determined gross vehicle weight. 

Total Dry Welght(Low Is Best) Ranking (High Is Best) 
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1A, 2A, And 2B Options Ranked Best For Lowest 
Number of Feed Line Tank Penetrations 

SSTO 



4a. Number of feed line tank penetrations - (Quantitative evaluation) - The candidate vehicle options are compared 
on the basis of the number of penetrations required for the propellant feed system. Included in this comparison 
is whether internal or external sumps are required, and if so how many. 


Number Of Line Penetrations (Low Is Best) 


Ranking (High Is Best) 



1 A-1 - Int- 
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2 A-1 - Tl 
2A-1 - CS- 
2A-1 - CS- 
2A-3 - Wg- 
2B-1 
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4A Options Ranked Worst - Largest Number of 
Propellant Suction Lines 

SSTO 



4b. Number of propellant suction lines - (Quantitative evaluation) - The candidate vehicle options are compared on the 
basis of the number of propellant suction lines ( similar in principle to that used on the STS-ET LH2 tank) which 
penetrate the tank. The use of suction lines, though offering advantages in intertank length, results in additional 
complexity feed system design and operational complexity due to the incorporation of high point bleeds. 


Propellant Suctio n Lines (Low Is Best) 
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4A Options Ranked Best For Ease Of Integrating 
Prooellant Slosh Baffles Within The Tank 




SSTO 


4c. Ease of integrating propellant slosh baffles within the tank - (Qualitative evaluation) - The candidate vehicle 
options are rated according to the fabrication process and degree of difficulty associated with fabricating and 
installing propellant slosh baffles to the inside tank walls. 


Ease Of Slosh Baffle Integration (Low Is Best) 
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Options 1 B and 2B Ranked Best For Ease Of 
Tank Cleaning 
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4d. Ease of tank cleaning - (Qualitative evaluation) - The candidate vehicle options are rated according to the 

complexity associated with cleaning the propellant tanks with non-freon based chemicals following both initial 
tank fabrication, and subsequent maintenance activities within the tank. 


Ease Of Tank Cleaning (Low Is Best) 
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2A And 2B Options Ranked Best For Highest % 
Margin At Lift Off (Ascent Controllability) 

SSTO 



5a. Ascent controllability- (Quantitative evaluation) - The candidate vehicle options are compared on the basis of 
ascent controllability provided by engine thrust vector control and vehicle characteristics. 
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2A-1 - CS-Optl 4 
2A-3- Wg-Optl 1 
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Options 2 Ranked Best For Hypersonic 
Controllability 


SSTO ffl 


5b. Hypersonic controllability- (Qualitative evaluation) - The candidate vehicle options are compared on the basis of 
hypersonic controllability during entry. 


Ranking (High Is Best) 
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Options 2 Ranked Best For Subsonic 
Controllability 

~~ ■ “ “ SSTO • 


5c. Subsonic controllability - (Qualitative evaluation) - The candidate vehicle options are compared on the basis of 
subsonic controllability during entry. 



Ranking (High Is Best) 
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On Pad And Maintenance Operations Analysis 
Performed Bv Downey And KSC LSS Personnel 
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Ranking Calculated Based On Fueling For Serial, Parallel 
Or Common Bulkhead, And Manpower And Complexity 


Configuration Data 

1 

1A-2 

1 

1 

IB-1 


2A-2 

< 

<M 

d) 

CM- 

_L 

CM 

_ 2 _ 

CO 


CM 

g 

f 

$ 

H 

< 

1 

$ 

t? 

< 

o 

T— 

n 

o 

* 

jl 

2A-1 - Wg-Optii 
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■vl 

•M- 

8 
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L02 




EES 

VU^r\ 



EES 

EES 

EES 

EES 

EES 

EES 


pjj.-rai 
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EES 


nrea 

BBS 

EEa 

Rrna 

EES 

LH2 



EklEEl 

EES 




EES 

EES 

ees 


EklkM 

EES 


^kEKki 

Kity 

Eklktt 

w.*im 

ees 

KRF3 

EES 

EES 

EES 

Ena 

EES 

RPt 




K E23 

MESH 



■MQ] 

W5 & 3 

k^:<] 



»w«:q 

mm 


KES3 

■w:»] 

WE * 3 

«M*HJ 

kk»:o 

mmi 

■EE 

KES3 

■he 

KS55 

Type Load (P * Parallel, 
S - Serial, B - Common 

D 


D 

B 

B 


s 

S 

B 

B 

— 

B 

B 

B 

B 

p 

S 

s 

s 

S 

S 

s 

s 

s 

s 

jj 

Bulkhead) 
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n ■■■ 

l_— 
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1— 

— 

1— 

Ln— J 

l— 

— 

l— 

- 

*— 
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Timeline Results 

< 

CM 

< 

1 A-3 

* 

< 

db 

1 

CM 

& 

CO 

$ 

28-1 

3A-1 

CM 

< 

CO 

3A-3 

< 

- 

CM 

< 

Q. 

o 

c 

< 

2A-1 - int-OptIO 

2A-1 - Int-Optl 1 

Q. 

% 

§ 

< 

2A-1 - Wg-Optl 1 

"W" 

Q. 

0 

1 
< 

2A-1 - Tl-Optl 1 

*— 

a 

o 

<h 

o 

_iL 

2A-1 - CS-Opt14 

2A-3 - Wg-Optl 1 

2B-1-OTF5 

Minutes 

100 

109 

100 

100 

109 

206 

206 

206 

100 

169 

160 

160 

160 

169 

109 

206 

206 

206 

206 

206 

206 

206 

206 

206 

109 

Timeline - Ranking 

10.0 

10.0 

10.0 

100 

10.0 

53 

5.3 

5.3 

10.0 

6 4 

64 

6.4 

6.4 

6.4 

10.0 

5.3 

5,3 

53 

53 

53 

53 

5.3 

5.3 

5.3 

10.0 

ManDower - Rank 

10.0 

100 

10.0 

100 

10.0 

1 0 1 0 1.0 10.0 5.0 6.0 5.0 5.0 5.0 10.0 1.0 1.0 1.0 1.0 1.0 1.0 10 1.0 1.0 ! 1Q.0J 



Weighting 
Timeline * 20% 
Manpower - 30% 
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Option 1 Ranked Best For Fewest Additional 
Subsystems Required For On Pad Operations 

SSTO 



6b. Subsystems for on pad operations - (Quantitative evaluation) - The candidate vehicle options are compared on 
the basis of the additional on pad systems necessary to support launch. The scoring will include a complexity 
factor applied to the additional systems. A purging system for frost avoidance is an example of such a system. 


1 A-1 
1 A-2 
1A-3 
1 A-4 
IB-1 
2A-1 
2A-2 
2A-3 
2B-1 

3 A-1 
3A-2 

4 A-1 
4A-2 


2 A-1 - Int-OptIO 
2A-1 - Int-Optl 1 
2 A-1 - Wg-OptIO 
2 A-1 - Wg-Optl 1 
2 A-1 - Wg-Optl 2 4 
2 A-1 - Tl-Optll 
2A-1 -CS-Optll 
2 A-1 - CS-0pt14 
2A-3 - Wg-Optl 1 
2B-1-OTF5 


1 i wM 


1 1 i 


■-V, 1 1 | ' EMJ 

1 ™ 
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1 1 Mi 

T I 

T - i iH 

••• . — 1 — ‘ — “ 



' 1 1 1 in 


_ -U — U ^ 

.... . , 

ft 

1 



1 


Ranking (High Is Best) 








PH L02 Antl-Geyserlng 

kii 1 1 

|U Common Bulkhead 

Purge 


t 




1 A-1 

1 A-2 
1 A-3 
1A-4 
IB-1 

2 A-1 
2A-2 
2A-3 
2B-1 

3 A-1 
3A-2 

4 A-1 
4A-2 

1 A-1 - Int-Optl 1 
2 A-1 - Int-OptIO 
2A-1 - Int-Optl 1 
2 A-1 - Wg-OptIO | 
2A-1 - Wg-Optl 1 
2A-1 - Wg-Optl 2 W 
2 A-1 - Tl-Optll f 
2A-1 - CS-Optll 
2 A-1 - CS-0pt14 | 
2A-3 - Wg-Optl 1 
2B-1-OTF5 
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Basic Configurations 
TPS Options 
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Additional On Pad Subsystems 


Configuration I 


1A-1 

1A-2 

1A-3 

1A-4 

IB-1 

2A-1 

2A-2 

2A-3 

2B-1 

Selection Criteria 

Wt 

Score 

Wt'd 

Score 

Wt'd 

Score 1 Wt'd 

Score j Wt'd 

Score 1 Wt'd 

Score i Wt'd 

Score 

Wt’d 

Score i Wt'd 

Score 

- ■■ 

Wt'd 

LH2 Recirculation 

45% 

uTo 1 

r TT 

10.0 

4.5 

10.0 j 4.5 

10.0 4.5 

10.0 J 4.5 

5.0 | 2.3 

5.0 

2.3 

5.0 | 2.3 

10.0 

4.5 

L02 Antigeysering 

45% 

10.0 

4.5 

10.0 

4.5 

10.0 j 4.5 

10.0 4.5 

10.0 4.5 

5.0 j 2.3 

5.0 

2.3 

5.0 j 2.3 

5.0 

2.3 

GSE Purge System 

10% 

10.0 

1.0 

10.0 

1.0 

io.o i i.o 

10.0 [ 1.0 

10.0 j 1.0 

10.0 | 1.0 

10.0 

1.0 

10.0 i 1.0 

10.0 

1.0 

Nitrogen Purge 

- 

i 




i 

[ 

! 







T otal Wt'd Score 

100% 


} 1 CKO 

i 

! 

10 0 

i io.o 

j 10.0 

1 10.0 

i 5.5 

1 5.5 

j 5.5 


7.0 

Ranking 



j 10 


10 

i io 

i io 

! io 

I 1 

! 1 

| 1 
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Configuration ! 


3A-1 

3A-2 

3A-3 

4A-1 

4A-2 

1 A-1 - Int-Optl 1 

2 A-1 - Ir 

lt-Opt 1 0 

2A-1 - Int-Optl 1 | 

Selection Criteria 

Wt 

Score 1 Wt'd 

Score | Wt'd 

Score | Wt’d 

Score 

Wt’d 

Score 

Wt'd 

Score i Wt’d 

Score 

Wt'd 

Score 

Wt'd 

LH2 Recirculation 

45% 

10.0 ! 4.5 

10.0 | 4.5 

10.0 j 4.5 

10.0 

4.5 

10.0 

4.5 

10.0 1 4! 

5.0 

2.3 

5.0 

2.3 

L02 Antigeysering 

45% 

10.0 j 4.5 

10.0 | 4.5 

10.0 ! 4.5 

5.0 

2.3 

5.0 

2.3 

10.0 i 4.5 

5.0 

2.3 

5.0 

2.3 

GSE Purge System 

10% 

5.0 | 0.5 

5.0 ! 0.5 

5.0 j 0.5 

5.0 

0.5 

5.0 

0.5 

10.0 j 1.0 

10.0 

1.0 

10.0 

1.0 

Nitrogen Purge 

- 

1 

| 

i 





-j 





Total Wt'd Score 

100% 

! 9.5 

| 9.5 

i 9.5 


7.3 


7.3 

i 10.0 

i 

5.5 


! 5.5 

Ranking 


! 9 

i 9 

i 9 


5 


5 

i 10 


1 


i 1 


Configuration 


2A-1 - Wg-OptIO 

2A-1 - Wg-Optll 

2 A-1 - Wg-Opt12 

2 A-1 - 1 

'l-Optll 

2A-1 - CS 

-Opt 11 

2 A-1 - CS-Opt14 

2A-3 - V\ 

fg-Optl 1 

Selection Criteria 

Wt 

Score 

Wt'd 

Score | 

Wt’d 

Score 

Wt’d 

Score 

Wt'd 

Score i 

Wt'd 

Score 

Wt'd 

Score 

Wt'd 

LH2 Recirculation 

45% 

5.0 

2.3 

5.0 

2.3 

5.0 

2.3 

5.0 

2.3 

5.0 ] 

2.3 

5.0 

2.3 

5.0 

2.3 

L02 Antigeysering 

45% 

5.0 

2.3 

5.0 

2.3 

5.0 

2.3 

5.0 

2.3 

5.0 | 

2.3 

5.0 

2.3 

5.0 

2.3 

GSE Purge System 

10% 

10.0 

1.0 

10.0 i 

1.0 

10.0 

1.0 

10.0 

1.0 

10.0 j 

1.0 

10.0 

1.0 

10.0 | 

1.0 

Nitrogen Purge 

- 



! 

1 






s 






Total Wt'd Score 

100% 


5.5 

1 5.5 


5.5 


5.5 

i 5.5 

! 5.5 


5.5 

Ranking 



1 

i 1 


1 


1 

\ 1 

1 


1 


Configuration 


2B-1-OTF5 | 

Selection Criteria 

Wt 

Score 

Wt’d 

LH2 Recirculation 

45% 

10.0 

4.5 

L02 Antigeysering 

45% 

5.0 

2.3 

GSE Purge System 

10% 

10.0 

1.0 

Nitrogen Purge 

- 



Total Wt'd Score 

100% 


7.8 

Ranking 
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Sys. Requiring Disconnect 


System Requiring Disconnect 


1 Major Systems 

L02 Loading 

Not a discriminator 

LH2 Loading 

Not a discriminator 

RP1 Loading 

Not a discriminator 

Nitrogen Purge 

Not a discriminator 

Propellant Loading, Storage and Transfer 
System (LH2, L02, RP-1) 

Not a discriminator 

Prelaunch engine purge system (Heated 
GN2) 

Not a discriminator 

Post Scrub/Abort engine purge system 
(GN2 and Helium) 

Not a discriminator 

Helium supply system for engine purges < 
valve activation 

Not a discriminator 

Hazardous Gas Detection System 

Not a discriminator 

Helium purge system to inert possible lea 
sources & prevent icing at ground 
propellant fill and bleed disconnects 

Not a discriminator 

Propellant tank purge, stand by 
pressurization and pre-flight pressurizatioi 
panels 

Not a discriminator 

n 

LH2 Refrigeration 

Discriminator 

L02 Anti-Geysering 

Not A Discriminator 

GSE Purge System 

Discriminator 


Based on number of systems only. 

Because disconnect is automatic, no one disconnect poses more operational activities than another 
Complexity 

LH2 Recirculation 50% 

GSE Purge System 50% 


OP_10DN.XLS - Sys. Requiring Disconnect 

3/7/95 - 5:09 PM 
















































































































Option 3A-1 Ranked Best - Smallest Vehicle Size 
And Weight Leads To Smallest Facilities 

SSTO 

6d. Facilities (Qualitative evaluation) - The candidate vehicle options are compared according to the number of 
additional on-pad facilities and height of such facilities and other differences that may be surface during the 

study. 



Weighted Scores (High Is Best) 


Ranking (High Is Best) 


1 A-1 
1 A-2 
1 A-3 
1 A-4 
IB-1 

2 A-1 
2A-2 
2A-3 
2B-1 

3 A-1 
3A-2 

4 A-1 
4A-2 

1 A-1 - Int-Optl 1 
2A-1 - Int-Optl 0 
2 A-1 - Int-Optl 1 

2A-1 - Wg-OptIO 
2 A-1 - Wg-Optl 1 
2 A-1 - Wg-Optl 2 
2A-1 - Tl-Optl 1 

2 A-1 -CS-Optll 
2 A-1 - CS-0pt14 
2A-3 - Wg-Optl 1 

2B-1-OTF5 

0 2 4 6 8 10 



Length 1A-1 

... . . . 1 A-2 

Weight 1A3 

1 A-4 
IB-1 

2 A-1 
2A-2 
2A-3 
2B-1 

3 A-1 
3A-2 

4 A-1 
4A-2 

1 A-1 - Int-Optl 1 
2 A-1 - Int-OptIO 
2 A-1 - Int-Optl 1 
2 A-1 - Wg-OptIO 
2A-1 - Wg-Optl 1 
2 A-1 - Wg-Optl 2 
2A-1 - Tl-Optl 1 
2A-1 - CS-Optl 1 
2A-1 - CS-Optl 4 
2A-3 - Wg-Optl 1 
2B-1-OTF5 
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Option 2A-1 Intertank Option 10 Ranks Best For 
Lowest inspection, Replacement & Repair Hours 

SSTO 

7a. Wide area coverage - (Quantitative Analysis) - The candidate vehicle options are compared based on the wide 
area coverage (square footage ) that will have to be inspected, monitored, and maintained. 



Inspection, Replacement, Repair Mhrs (Low Is Best) 


Ranking (High Is Best) 


1A-1 -Int 
2A-1 - Int 
2A-1 - Int 
2A-1 - Wg 
2A-1 - Wg 
2A-1 - Wg 
2A-1 - Tl 
2A-1 - CS 
2A-1 - CS 
2A-3 - Wg 
2B-1 


1 A-1 
1 A-2 
1 A-3 
1 A-4 
IB-1 
2 A-1 
2A-2 
2A-3 
2B-1 
3A-1 
3A-2 
4 A-1 
4A-2 
Optll 
Opt 10 
Optll 
OptIO 
Optll 
Opt 12 
Optll 
Optll 
Opt14 
Optll 
-OTF5 


•W!r 


EZ5EL 









=F 


I 


Note: Relative 
Weighting Of 
Inspection, 
Replacement & 
Repair Hours 
20%, 35%, And 
45% Respectively 


1 A-1 - Int-Optl 1 
2A-1 - Int-OptIO 
2A-1 - Int-Optl 1 
2 A-1 - Wg-Optl 0 
2A-1 - Wg-Optl 1 
2A-1 - Wg-Optl 2 
2A-1 - Tl-Optl 1 
2A-1 -CS-Optll 
2 A-1 - CS-Opt14 
2A-3 - Wg-Optl 1 
2B-1-OTF5 


200 400 600 800 1,000 1,200 MhfS 



Basic Conf. 


HH TPS Options 


NASA - ROCKWELL/SSD - NORTHROP/GRUMMAN - ROCKWELL/NAAD/TULSA - HERCULES 


10 

□ 




Wd LZ 5 * 56/Z/G 

96BJ9A00 op|M - S1XNQ0* dO 


s|sA|gue 9m jo ped sim u| pepniou; )ou s| jeisjUBa 9m uo iSBdV J °l >u9Ui90B|d9j pue 'j|Bdej ‘uopoedsui euimp pgssgooJd s| j81S|ubq peo|ABd , 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

UAia/BU! M - OISD 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

HUBIJOJUI - OISO 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

HUBi HI - OISO 

0 

we 

*68 

*88 

0 

0 

0 

0 

0 

0 

0 

0 

0 

HBi-iavi 

868 

8S8 

088 

8S8 

LZ 6 

S68 

SZ8 

*Z 8 

968 

888 

898 

998 

*58 

UA|B/Bu|M-|aVl 

96* 

Z*Z 

L9L 

Z*Z 

098' I- 

e*e'* 

882' * 

8 Z2'* 

eoz 

*69 

289 

089 

699 

)jubi on - lavi 

ZZO'Z 

6Z9‘* 

8 ZL'Y 

6Z9‘* 

6SZ‘2 

*99‘2 

809'2 

865*2 

869'2 

SS9‘2 

609‘2 

5092 

095' 2 

)|UBue}U| - lavi 

9eo'e 

688' 2 

Z9P'Z 

688' 2 

86S'* 

zlp'y 

68*' * 

88*' * 

2*22 

YYZ'Z 

ZLY'Z 

69 Y'Z 

*e *'2 

>iubi m - lavi 

0Z6 

0*5 

*ss 

o*s 

68* 

*2* 

PIP 

8** 

065 

285 

ZL9 

*ZS 

*95 

snj p/vy - lavi 

*09 

*ZS 

683 

*ZS 

029 

665 

585 

885 

665 

ms 

085 

6ZS 

695 

qn*s/da - isadv 

9*8' * 

Z90Z 

90 *'2 

2S0‘2 

506' * 

688' * 

Z6Z'* 

06Z' 1- 

0*8' Y 

**8‘* 

88Z‘* 

08Z* 

6*Z‘* 

iibi - isadv 

POZ'Z 

SO Y'Z 

09 Y'Z 

S0*'2 

9LZ‘Z 

Z6*‘2 

Z**‘2 

88 * ‘Z 

86*'2 

89* ‘2 

08 *‘2 

92*‘2 

680' 2 

uai3/6ujm - isadv 

929' * 

*8*'* 

ez9'i 

*8*’* 

*09' * 

6*5' * 

ns'* 

ZOS'* 

OSS'* 

825'* 

*05'* 

66*' * 

8Z*‘* 

euoo jstum - isadv 

0 

9PL 

99 L 

9*Z 

Z08 

6ZZ 

*9Z 

85 Z 

6ZZ 

89Z 

SSZ 

*SZ 

YPL 

UPIS isnjqi - isadv 

986 

68*' * 

825' * 

68*' * 

888'!. 

818'!- 

LLL'Y 

69Z‘* 

8*9 V 

029'* 

265'* 

685' * 

295' * 

jiubi on - isadv 

5*2* 

528'* 

988'* 

9Z9‘ Y 

9*0‘S 

928‘* 

SOZ’* 

*89'* 

688'* 

S*8‘* 

22Z'* 

8*Z'* 

829'* 

>)UBjjeju| - isadv 

88 *'* 

8ZZ‘* 

868‘* 

8ZZ‘* 

28Z‘8 

***'8 

598*8 

2S8‘8 

*60‘8 

*so‘e 

8662 

8662 

**6‘2 

HUB! HT - isadv 

6G9 

l oe 

s*e 

zoe 

GS2 

**2 

882 

Z 82 

618 

**e 

608 

808 

808 

snj p/vy - isadv 

0*2' * 

*8*'* 

S*2‘* 

mT~ 

082' l 

982*1 

802' l 

802' Y 

982' * 

61-2' * 

86*'* 

96*'* 

SZ*'* 

,qn»s/da * aiav 

8*5'* 

6ZI^‘l 

8*S‘* 

izFI” 

865' * 

8*5' * 

80S'* 

205' l 

**5‘* 

825'* 

96*' * 

*6*'* 

89*‘* 

UAI3/BUJM - 813V 

86* 

*88 

*68 

*88 

61-8 

808 

ms 

662 

*ze 

698 

298 

*98 

558 

snj pay - ai3V 







HV - bojv ODB|jns 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

U|d/BU!M 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 , 

OSON 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

iBXftO * )|UByeiU| 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

xubi on 

l 

z 

Z 

* 

Z 

* 

2 

* 

z 

2 

* 

2 

* 

xubi Hn 

> 

l 

3A-3 

3A-2 

w 

> 

1 

— L 

ro 

03 

i 

2A-3 

2A-2 

> 

i 

— i» 

IB-1 

> 

1 

1 A-3 

> 

1 

ro 

—X 

> 

1 

uoijBjnbj^uoo 


(lueiuqoBHV Sdl 10 ®dXi a*BOjpu| SMoy s l8J|d U| sjeqiunN) bJbq epwaA 


96BJ9A0Q 9p|M 



m LZ 9 - S6 IUZ 

e6BJ0AOQ epiM - SIX NQOl dO 


jeoojd s| ietSjuegpBOjAgd . 


0 

0 

tfr9 

0 

0 

688' t 

0 

frZZ‘3 

0 

0 

0 

0 

UAI3/6U1M - OISO 

0 

0 

0 

0 

0 

0 

0 

0 

0 

6oe'z 

0 

0 

>jubvio}U| - oiso 

9t6‘fr 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Xii„l H1 . 01SQ 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

iiBi - iavi 

*96 

916 

tfre 

698 

188 

0 

8Z8 

0 

8Z8 

frt6 

6fr8 

636 

UAI3/6UIM - lavi 

868' t 

3fr8‘t 

363* i 

PLZ'i 

363' i 

998' t 

Z83't 

038' t 

083' i 

iPG'i 

Z99 

ets 

>iubi on - iavi 

888'3 

fr3Z‘3 

339‘3 


339' 3 

OZZ‘3 

8 1-9*3 

0893 

L 69‘3 

0 

8S9‘3 

160'3 

>|ueyetu| - iavi 

0 

909' t 

6frfr't 

6ZPi 

6frfr't 

089' t 

frfrfr't 

t8fr't 

98fr‘t 

809' i 

93 i 'Z 

68 i '8 

>iubi hi - iavi 

ZSP 

fr8fr 

Li P 

Zip 

LiP 

iPP 

9l.fr 

LZP 

81-fr 

88fr 

099 

800' I- 

snj p«d - iavi 

889 

319 

68S 

t89 

68S 

339 

Z89 

309 

fr89 

U9 

899 

t39 

qnis/da - isudv 

6S6‘ t 

t88‘t 

0 1-8‘ 1- 

98Z‘t 

0t8‘t 

3t6't 

P0d‘i 

098' l 

86Z' t- 

8Z8‘t 

9frZ‘t 

806' i 

I!B1 - ISddV 

tfre‘3 

Zfr3‘3 

339' i 

669' t 

39 i‘ 3 

qpz 

99t‘3 

zee 

ZPi'Z 

frfr3‘3 

fr80‘3 

6Z3'3 

UAI3/6UIM - ISddV 

099' t 

fr89't 

939' t 

eos't 

939' t 

01-9‘t 

619' 1- 

899' t 

OtS't 

389' t 

69fr‘t 

1-89' 1- 

euoo jsnjqi - ISddV 

088 

96Z 

Z9Z 

9SZ 

Z9Z 

0t8 

fr9Z 

88Z 

69Z 

96Z 

68Z 

0 

VMS isnjqi - ISddV 1 

Z86‘t 

698' t 

68Z't 

S9 L'i 

68Z't 

068' i 

88Z't 

638' t 

3 LL'i 

Z98't 

899' i 

030' i 

quel 01 - ISddV 

m‘s 

zw> 

8frZ‘fr 

0Z9'fr 

8 PL'P 

zeo‘9 

PZL'P 

898‘fr 

963‘fr 

0 

933‘fr 

9 ze'fr 

quBpeiui - ISddV 

0 

33S‘e 

068’8 

efre'e 

068‘8 

089'8 

8ze‘e 

fr9fr'8 

Z98'8 

Zt9‘8 

fr86‘3 

638‘fr 

quel Hn - ISddV j 

093 

6fr3 

0fr3 

Z83 

0fr3 

fr93 

683 

9fr3 

883 

6fr3 

308 

1-99 

snj pasj - ISddV 

LiG'i 

fr93't 

9t3’t 

003' i 

91-3‘t 

S8Z‘L 

ZiZ‘i 

GPZ'i 

S03' i 

393' i 

3Zt't 

383' i 

.qnis/da - B13V 


8Z9‘t 

6t9't 

86fr't 

6t9't 

909' i 

Pi g’i 

899' i 

S09‘L 

9Z9' i 

P9PT~ 

t09't 

uai3/cuim - ai3v 

838 

9te 

808 

663 

808 

038 

308 

608 

008 

frte 

fr98 

66 i 

snj PMJ - 813V 






IIV - B0J v eoejjns 

6 

u 

Pi 

U 

ii 

31 

ii 

01 

6 

6 

6 

6 

U|d/BU|M 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

esc>N 

6 

6 

6 

6 

6 

6 

6 

6 

ii 

Ot 

ii 

6 

JoiUO V >|ue)jeiu| 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

quBi on 

Z 

i 

i 

i 

i 

i 

i 

i 

i 

i 

i 

3 

quBi Hn 

2B-1-OTF5 

ro 

> 

i 

CO 

> 

i 

ro 

> 

i 

ro 

> 

i 

ro 

> 

• 

ro 

> 

i 

_jt 

rvi 

> 

• 

ro 

> 

i 

w 

> 

1 

1 A-1 • 

4A-2 

uouejnBjjuoQ 

1 

£ 

<Q 

i 

O 

*o 

— i. 

CS-Optl 4 

CS-Optl 1 

Tl-Optl 1 

Wg-Opt12 

Wg-Optl 1 

Wg-OptIO 

Int-Optl 1 

Int-Optl 0 

Int-Optl 1 




jaqumN) bibq apiqaA 


e6ej9AOQ 9P!M 




Inspection 


Wide Coverage 



Factor 

Reduction 


AFRSI 

0.0223 

50% 

(1/Shuttle AFRSI Area * Shuttle AFRSI Hours*(1-Red)) 

TABI 

0.0223 

50% 

(1/Shuttle AFRSI Area * Shuttle AFRSI Hours*(1-Red)) 

AETB 

0.0310 

50% 

(1 /Shuttle HRSI Area * Shuttle HRSI Hours*(1-Red)) 
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(1/Shuttle HRSI Area * Shuttle HRSI Hours*(1-Red)) 
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Factor 
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Rplmnts 
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Area 

Dura- 

bility 

Rain 

Impact 

Rain 

Prob. 

AFRSI 

0.000248 

9 

3636 

0.100 

1.0 

10% 

TABI 

0.000124 

9 

3636 

0.050 

1.0 

10% 

AETB 

0.000087 

6.67 

844 

0.010 

2.0 

10% 

Csic 

0.000071 

6.67 

844 

0.010 

0 

10% 


AFRSI Factor Formula 
TABI Factor Formula 
AETB Factor Formula 
Csic Factor Formula 


= (1/Shuttle AFRSI Area) * # Shuttle Replcmts * Durability*(Rain lmpact*%Prob. +No Rain lmpact‘(1-% Prob.) 
= (1/Shuttle AFRSI Area) * # Shuttle Replcmts * Durablllty*(Rain lmpact*%Prob. +No Rain lmpact*(1-% Prob.) 
= (1/Shuttle HRSI Area) * # Shuttle Replcmts* Durability* (Rain lmpact*%Prob. +No Rain lmpact*(1-% Prob.) 

= (1/Shuttle HRSI Area) * # Shuttle Replcmts* Durabllity‘(Raln lmpact*%Prob. +No Rain lmpact*(1-% Prob.) 
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Wide Coverage 


# of Replacements 


Configuration 

CM 

i 

< 

^ 

1 A-1 - Int-Optl 1 

2A-1 - Int-Optl 0 

2 A-1 - Int-Optl 1 

2 A-1 - Wg-OptIO 

2 A-1 - Wg-Optl 1 

2 A-1 - Wg-Optl 2 

2A-1 - Tl-Optl 1 

2 A-1 - CS-Optl 1 

2A-1 - CS-Optl 4 

2A-3- Wg-Optl 1 

2B-1-OTF5 

1# OF REPLACEMENTS 1 

AETB - Fwd Fus 

0.02 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

AETB - Wing/Elvn 

0.14 

0.13 

0.14 

0.13 

0.13 

0.13 

0.14 

0.13 

0.13 

0.13 

0.14 

0.14 

AETB - BF/Stub* 

0.11 

0.10 

0.11 

0.10 

0.11 

0.11 

0.11 

0.11 

0.10 

0.11 

0.11 

0.11 

AFRSI - Fwd Fus 

0.16 

0.07 

0.06 

0.06 

0.06 

0.06 

0.06 

0.06 

0.06 

0.06 

0.06 

0.06 

AFRSI - LH Tank 

1.07 

0.73 

0.87 

0.83 

0.86 

0.84 

0.89 

0.84 

0.83 

0.84 

0.87 

0.00 

AFRSI - Intertank 

1.08 

1.05 

0.00 

1.06 

1.20 

1.17 

1.25 

1.17 

1.16 

1.17 

1.22 

1.28 

AFRSI - LO Tank 

0.25 

0.39 

0.46 

0.44 

0.45 

0.44 

0.47 

0.44 

0.44 

0.44 

0.46 

0.48 

AFRSI - Thrust Skirt 

0.00 

0.18 

0.20 

0.19 

0.19 

0.19 

0.20 

0.19 

0.19 

0.19 

0.20 

0.21 

AFRSI - Thrust Cone 

0.42 

0.36 

0.39 

0.37 

0.39 

0.38 

0.40 

0.38 

0.37 

0.38 

0.39 

0.41 

AFRSI - Wing/Elvn 

0.56 

0.52 

0.56 

0.53 

0.08 

0.53 

0.09 

0.54 

0.40 

0.40 

0.56 

0.58 

AFRSI - Tail 

0.47 

0.43 

0.46 

0.44 

0.46 

0.45 

0.47 

0.45 

0.44 

0.45 

0.47 

0.48 

AFRSI - BF/Stub 

0.15 

0.14 

0.15 

0.14 

0.15 

0.15 

0.15 

0.15 

0.14 

0.15 

0.15 

0.16 

TABI - Fwd Fus 

0.12 

0.07 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.06 

TABI - LH Tank 

0.39 

0.26 

0.19 

0.18 

0.18 

0.18 

0.19 

0.18 

0.18 

0.18 

0.19 

0.00 

TABI - Intertank 

0.26 

0.32 

0.00 

0.32 

0.33 

0.32 

0.34 

0.32 

0.32 

0.32 

0.34 

0.35 

TABI - LO Tank 

0.06 

0.08 

0.17 

0.16 

0.16 

0.16 

0.17 

0.16 

0.16 

0.16 

0.17 

0.17 

TABI - Wing/Elvn 

0.11 

0.11 

0.11 

0.11 

0.00 

0.11 

0.00 

0.11 

0.11 

0.04 

0.11 

0.12 

TABI - Tail 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

CSIC - LH Tank 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.35 

CSIC - Intertank 

0.00 

0.00 

0.52 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

CSIC - Wing/Elvn 

0.00 

0.00 

0.00 

0.00 

0.20 

0.00 

0.13 

0.00 

0.00 

0.04 

0.00 

0.00 

1 Total Replacements 5.39 

4.96 

4.46 

5.15 

5.04 

5.28 

5.14 

5.30 

5.09 

5.14 

5.51 

4.99 
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Wide Coverage 


Configuration 

4A-2 

1 A-1 - Int-Optl 1 

2 A-1 - Int-Optl 0 

2A-1 - Int-Optl 1 

2 A-1 -Wg-OptIO 

2 A-1 - Wg-Optl 1 

2 A-1 - Wg-Optl 2 

2A-1 - Tl-Optl 1 

2A-1 - CS-Optl 1 

2A-1 - CS-Optl 4 

T— 

Q. 

0 

1 

o> 

5 

i 

CO 

1 

< 

2B-1-OTF5 

AETB - Fwd Fus 

0 

1 

0 

0 

1 

0 

1 
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0 

0 

1 

1 

AETB - Wing/Elvn 

3 

2 

3 

2 

0 

2 

0 

2 

2 

0 

3 

3 

AETB - BF/Stub* 

2 

2 

0 

2 

i 

2 

2 

2 
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2 
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AFRSI - Fwd Fus 

5 

2 

0 
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2 
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2 
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30 
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5 
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12 

10 
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11 

10 
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11 

12 

AFRSI - Wing/Elvn 

16 
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16 
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3 
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3 

3 
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3 
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1 

2 

1 

1 

1 

2 
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TABI - LH Tank 

11 

8 

6 

5 

6 

5 

6 

6 

5 

6 

6 

0 

TABI - Intertank 

7 

9 

0 

9 

9 

9 

10 

9 

9 

9 

10 

10 

TABI - LO Tank 

2 

3 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

TABI - Wing/Elvn 

3 

3 

3 

3 

0 

3 

0 

3 

3 

0 

3 

3 

TABI - Tail 
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o 
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0 

0 

0 

0 

0 
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0 

0 

0 

CSIC - LH Tank 

o 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

10 

CSIC - Intertank 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

CSIC - Wing/Elvn 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

i Total Mhrs 

144.6 

135.9 

81.9 

141.3 

127.7 

145.0 

132.1 

145.5 

139.8 

124.9 

151.3 

133.8 
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7b. Localized area coverage * (Quantitative Analysis) * The candidate vehicle options are compared based on the 
complexity of local area coverage requirements (critical joints; localized high stress areas) within the each of 
the candidate vehicles. 


Scores (Low Is Best) 
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Number of fracture critical components 


The level of inspection over the localized area coverage will not be consistent over the entire vehicle. Fracture critical items (i.e., tank 
splices, stringers and fittings) will require more intensive inspections and instrumentation than less critical components. Therefore, 
design configurations that have the largest number of fracture critical components will require the largest number of inspections and 
instrumentations. 

Number of components inspected 

Non integrated design configurations have a larger surface area, are more complex and have more critical components. These problems 
directly effect the NDI/IHM programs by increasing the number of inspection points and area to be inspected. 

Materials Assumptions 

Due to a lack of information on the composite/TPS structures, it was assumed that the IM7/977-2, AFR 700, Gr/BMI, TMC composite 
materials and Al-Li alloys have approximately same adaptability to NDI/IHM techniques. In general, the TPS materials assumed that 
the flexible blanket insulation is considered non inspectable by means other than visual inspection and the C/SiC is more readily 
adaptable to NDI/IHM. 

Critical feature factors 

The primary number of components was considered to be the number of skins and the number of TPS layers. The identification of a 
critical design or material in each of the vehicle structures was evaluated and assigned a critical feature factor. This factor reflects the 
effect the critical feature will have on the post flight inspections. It was generally considered that these variables would increase the 
difficulty of inspection by an order of magnitude for each critical factor. 

The critical feature factor of stringer design evaluation as applied to post-flight inspections indicated that due to the tight bend radius 
would be difficult to evaluate using NDI techniques. Current laser based ultrasonics only allow for 30 degree angle from the inspection 
plane. This indicates that complex tooling would be required for inspection. This configuration has a greater number of critical points 
of interest. The bond lines and comers are stress concentration points that would require a concentrated level of inspection. A 
correction factor of 3.75 was applied to the stringer designs to compensate for these difficulties. 
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Table 1. Estimated High Stress Surface Areas of Tanks 


Configuration 

LH2 Tank 

L02 Tank 

RP Tanks 

Wings 



Critical 

Critical 

Critical 



1A&B 

614 

422 

2352 

4705 


2A&B 

704 

277 

2352 

4705 


3 

430 

362 

2164 

4705 


4 

417 

405 

2352 

4705 


Table 2. Number of variables and applied critical feature factor 


Trade 

No. of skins 

No. of TPS 

Sub Total 

Design Critical 

Critical Feature 

option 


layers 


Feature Factor 

Factor 
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3.75 

11.25 

2 
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2.0 
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28 
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3 
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4.0 

28 
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3.75 

11.25 
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2.0 
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11 

2 
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5.0 

10 

13 
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Accessibility 


LH2 TANK & LINES 

Configuration 1A: LH2 Tank FWD ( Integral) 

By definition, Integral means that there are no cavities between the tank and the fuselage structure. 
Therefore, during a 7 day (or less) ground turnaround, there will be no inspection of that area. An inner 
tank inspection can be performed through the "dollar panel." This panel normally houses the sump 
hardware. The sump hardware must be removed for borescope access or other robotics device to check 
the condition of the inner tank structure. It may also be possible to gain access to the inner tank through 
a tank line. 

The tank may have two kinds of sensors, Quantity and Density sensors. The Quantity sensor is a 
tube-like device which is used to measure tank level and if failed, can be repaired through the 
dollar panel/access panel. 

The Density sensor is used to measure the mass of the fuel or oxidizer. It is a block shaped piece of 
hardware bolted and sealed to the inner tank wall. If failed, removal and replacement would require 
disassembling parts of the fuselage, insulation, and the opening of a panel which houses the sensor 
block. This would not be minor and would not support a 7 day turnaround. 

The scores were low for the LH2 tank because of the limited access, i.e., dollar panel with sump 
hardware remove and replace required or access through tank lines. 

Configuration 2A: LH2 Tank AF (Integral) 

The tank may be 2/3 Integral with 1/3 bottom faring & carriage. This would require access to the exterior 
tank areas for inspection. With this exception, the description of LH2 Tank FWD for Configuration 1 A 
holds true. 

Configuration 3,4: LH2 Tank FWD (Integral) 

The description given for Configuration 1 A applies here as well. 
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Accessibility 


There is an Engine MPS cone. Outside the cone are mounted the Engines (7 RD704s) and all their components. 
There are furthermore panels which enclose the components for protection. Opening these panels provide easy 
access to engine Turbo Pumps, and other components. 

Access to these areas is good and will only require the appropriate GSE (work stands, tools, etc.). 

MPS FEED LINES 
All Configuration: 

Between the Engines there is an access door to the cone where inspection is required. 

Access to these areas is good and will only require the appropriate GSE (work stands, tools, etc.). 

AVIONICS - UNPRESSURIZED 

The Avionics Bays are located along the sides of the Nose Wheel Landing Gear Wheel Well wall access during 
ground turnaround. The location accommodates 24 square feet of "one-box-deep" volume on either side of the 
Wheel Well. One goal is Passive Cooling to eliminate Coldplate Systems. Another goal is to be able to install all 
Avionics in the unpressurized area. 

AVIONICS - PRESSURIZED 

There may be a compartment/cell where Partial-Atmospheric will hold a few Avionics boxes. Access and 
satisfactory reconfiguration and test will make this area more difficult/complex during the process timeline. 

The Score was lower than Unpressurized Avionics because of the increased complexity of removal and 
replacement. 

OMS (AFT) 

All Configurations: 
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Accessibility 


All Configurations: 

In general, access is good to vehicle connectors in the Horizontal Processing Facilities (HPF). 

ELECTRICAL SYSTEMS 

Batteries 

All Configurations: 

The location of the Batteries will be AFT around the Wing and near the Main Landing 
Gear. The Batteries are needed for the high amperage required by the EMA’s, e.g., cycling 
elevons. 

Accessibility will be the same for all vehicle configurations. 

Wire/Fiber Optics 

All Configurations: 

For Power, Copper Wire is still planned. Fiber Optics is planned for Signal paths. 

There will be wire bundles from one end of the vehicle to the other providing Power and 
Control and Data. Access in all configurations will be difficult for inspection and repair. 

Scoring was not high for access but design for better access may not be practical 
considering other impacts, e.g., cost of design, fabrication, and maintenance. 

Emergency Beacon 

All Configurations: 

An Emergency Locator Beacon is needed in the event of a vehicle crash. 

Accessibility will be the same for all vehicle configurations. 

Navigation Lights & Lighting System 

All Configurations: 

There will be Antennas in the Nose and the rear of the vehicle. Advanced Tiles with 
embedded Antennas will be scattered around these areas. Special access procedures and 
handling may be required. The difficulty will be the same for all configurations. 
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MAINTENANCE OPERATIONS - Number of Inspection Points 

The candidate vehicle options are compared based on the number of elements that have to be inspected, monitored and maintained 
during operations. For example stringer skin constructions have a limited number of components (skin and TPS layers). However, the 
complexity of the design will cause more intensive instrumentation to monitor, more intensive inspections and more intensive 
maintenance. This category is assessed on the surface are that these structures (tanks) will cover. The rationale being that the more 
surface area the structure has of a particularly difficult design the more difficult the structure will be to inspect, monitor and maintain. 
The critical features of these designs were considered to be stringer/skin designs, non-integral designs and material selections. 

In general, the maintenance operations-number of inspection points was based on several assumptions. These assumptions reflect the 
difficulties of inspection and instrumentation of the design configurations during the post-flight testing and in flight IHM 
instrumentation as applied to design and materials selections. 

Design Assumptions 

Several design considerations effect the ability of the structure to be inspected. Primary design considerations include the complexity of 
the design, the surface area to be inspected, the number of fracture critical components and the number of components to be inspected 
of instrumented. 

Complexity of design 

Inherently, simple designs tend to be better suited to inspection and instrumentation than do complex designs. The more complex 
designs, such as skin and stringer designs have a bend and protrusions that limit accessibility to hardware, inspection techniques, 
implementation and interpretation. It was also assumed that a more complex design may also require fabrication of specific tooling to 
facilitate inspection. 

Surface Area 

Since the NDI technologies to be employed by IHM/NDI are dependent on the area of coverage (rather than on the thickness of the 
hardware), larger surface areas would be more difficult to inspect and instrument. This infers that the elongated and multiple tank 
designs are more difficult to inspect and instrument. This also infers that since the non integral design configurations have an internal 
and external structure the area of surface coverage had effectively doubled. 
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plane. This indicates that complex tooling would be required for inspection. This configuration has a greater number of critical points 
of interest. The bond lines and comers are stress concentration points that would require a concentrated level of inspection. A 
correction factor of 3.75 was applied to the stringer designs to compensate for these difficulties. 

The critical feature factor of non integral design evaluation as applied to in flight IHM monitoring indicated that these designs have 
multiple skins would effectively double the area for instrumentation. This design also increases the number of bond lines and a support 
structure for the internal tank that would increase the number of critical instumentation points. A correction factor of 2.0 was applied 
to non intergral designs to compensate for these difficulties 

The critical feature factor of non integral design evaluation as applied to post flight inspections indicated that these designs have 
multiple skins would effectively double the area for instrumentation. This design also increases the number of bond lines and adds a 
support structure for the internal tank that would increase the number of critical inspection points. A correction factor of 2.0 was 
applied to non integral designs to compensate for these difficulties. 

The critical feature factor of designs that utilize ceramic composites (Blackglas) as applied to in flight IHM monitoring indicated that 
there has been limited application of NDI techniques applied to ceramic composites. However, since IHM will most likely involve 
strain measuring devices and acoustic emission, there is no reason to believe that this composite material will interfere with these 
techniques. A correction factor of 1.0 was applied to composite designs to compensate for these difficulties. 

The critical feature factor of designs that utilize ceramic composites (Blackglas) as applied to post flight inspections indicated that there 
has been limited application of NDI techniques applied to ceramic composites. This indicated that inspection of this material may 
require advanced techniques or development of techniques. A correction factor of 2.0 was applied to ceramic composite designs to 
compensate for these difficulties. 

The critical feature factor of designs that utilize TABI or AFRSI blankets as applied to in flight IHM monitoring indicated that there has 
been limited application of NDI techniques applied to TABI or AFRSI blankets. This indicated that inspection of this material may 
require advanced techniques or development of techniques. It is also expected that if these techniques cannot be developed and the 
blankets will not be monitored during flight. Therefore no correction is necessary (a correction factor of 1.0) for designs with TABI or 
AFRSI blankets. 

The critical feature factor of designs that utilize TABI or AFRSI blankets as applied to post flight inspections indicated that there has 
been limited application of NDI techniques applied to TABI or AFRSI blankets. This indicated that inspection of this material may 
require advanced techniques or development of techniques. It is also expected that if these techniques cannot be developed the blankets 
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Table 1. Estimated Surface Areas of Tanks 
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Structure/TPS design analysis 

The structures were rated according to its 1) No. of skins, 2) No. of TPS layers and 3) Critical feature factor for each of the three 
phases of the structures life. The critical feature factor corrects for complicated design features, (stringer and non integrated designs) 
and material deficiencies (ceramic composites and AFRI or TABI blankets) as applied to the NDE/IHM project. It was generally 
considered that these variables would increase the difficulty of inspection by an order of magnitude. 

Table 2. Number of variables and applied difficulty factor 
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Re-Waterproofing 



Configuration 

* 

< 

T- 

CM 

< 

-*■ 

CO 

'O' 

< 

T“ 

1 

CO 

1 

1 

1 

2B-1 


1 

1 

| 

4A-2 


Scaling Factor 

1.045 

1.063 

1.065 

1.084 

1.099 

1.069 

1.074 

1.099 

1.138 

1.052 

1.080 

1.060 

1.102 

1.139 


AFRSI (TOTAL) 

H*M:1 




■HM:M 

16,238 

16,238 

■IHkkhl 
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15,060 

■f.mwt] 



Payload Canister Al^l 
Not Requiring Re- 
Waterproofing 

496 

496 

496 

496 

496 

496 

496 

496 

496 
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496 

496 

496 

496 

AETB 

2,998 

3,051 

3,056 

3,111 

KXES 

3,004 

3,017 

3,087 

3,197 

ilkitiEM 

WEsm 
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2,981 

■ragai 

TABI 

6,772 

6,891 


WBSM 
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Waterproofing) 
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3,274 
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3,527 
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3,078 

3,020 

3,075 

3,179 
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Scaling Factor 

1.042 

1.122 

1.071 

1.105 
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1.142 
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1.066 
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1.123 

1.170 


AFRSI (TOTAL) 
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13,269 
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KKE9 
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TABI 


mxm 

6,597 

5,907 


HD0iiI3 




warn 



AFRSI (Requiring Re- 


mm 




■ 

mm 



mf 



Waterproofing) 

3,022 


3,266 

1,204 

3,286 

mam 

»5gS1 

2,986 

3,028 

3,426 

2,493 
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■KID 


2,774 


1,839 



541 


4,915 
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3A Ranked Best For Sustained Personnel 

SSTO 



7f. Sustained personnel-fQuantitative evaluation) - The candidate vehicle options are compared on the determined 
number of technicians, and engineers required. 



1 A-1 


1 A-2 


1A-3 


1A-4 


IB-1 


2 A-1 


2A-2 


2A-3 


2B-1 


3 A-1 


3A-2 


4 A-1 


4A-2 

1 A-1 

- Int-Optl 1 

2A-1 

- Int-Optl 0 

2 A-1 

- Int-Optl 1 

2A-1 - 

Wg-OptIO 

2 A-1 - 

Wg-Optl 1 

2A-1 - 

Wg-Optl 2 

2 A-1 

- Tl-Optl 1 

2A-1 

■CS-Optll 

2A-1 

■ CS-Opt14 

2A-3- 

Wg-Optl 1 

2B-1-OTF5 


Weighted Rankings (High Is Best) 
[Deltas - GSE, Inspe./Repair/Replace] 


~L 


mel 


Ranking (High Is Best) 


1 A-1 
1 A-2 
1 A-3 
1 A-4 
IB-1 

2 A-1 
2A-2 
2A-3 
2B-1 

3 A-1 
3A-2 

4 A-1 
4A-2 

1 A-1 - Int-Optl 1 
2 A-1 - Int-Optl 0 
2 A-1 - Int-Optl 1 
2 A-1 - Wg-OptIO 
2 A-1 - Wg-Optl 1 
2 A-1 - Wg-Optl 2 
2A-1 - Tl-Optl 1 
2 A-1 -CS-Optll | 
2 A-1 - CS-0pt14 
2A-3 - Wg-Optl 1 1 
2B-1-OTF5 



Basic Configurations 
TPS Options 
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NASA - ROCKWELL/SSD - NORTHROP/GRUMMAN - ROCKWELUNAAD/TULSA - HERCULES 




Sustained Personnel 


Configuration 

llA-1 - Int-Opll 

2A-1 - Int-OptIO 

2A-1 - Int-Optl 1 

2A-1 - Wg-OptlO 

2A-1 - Wg-Optll 

2A-1 - Wfl-Opt12 

Selection Criteria 

Score 

Wt'd 

Score 

Wt'd 

Score 

Wt'd 

Score 

Wt'd 

Score 

Wt'd 

Score 

Wt'd 

GSE Delta 

9.0 

5.4 

3.1 

1.8 

3.1 

1.8 

3.1 

1.8 

3.1 

1.8 

3.1 

1.8 

Acreage Delta (Insp., Repair, Replace) 

8.0 

3.2 

10.0 

4.0 

7.8 

3.1 

8.0 

3.2 

7.6 

3.0 

7.9 

3.1 

Acreage Delta (Re-Waterproof) 

9.7 


1.0 


9.6 


6.0 


9.5 


7.6 


System Processing 

- 


- 


- 


* 


- 


- 


Total Wt'd Score 


8.6 


5.8 


5.0 


5.1 


4.9 


5.0 

Ranking 


9.3 


6.3 


5.3 


5.4 


5.3 


5.4 


Configuration 

2A-1 - Tl-Optl 1 

2A-1 -CS-Optll 

2A-1 - C 

S-Opt14 

2A-3 - W 

'g-Optl 1 

2B-1- 

OTF5 

Selection Criteria 

Score 

Wt'd 

Score 

Wt'd 

Score 

Wt'd 

Score 

Wt'd 

Score 

Wt'd 

GSE Delta 

3.1 

1.8 

3.1 

1.8 

3.1 

1.8 

3.1 

1.8 

9.0 

5.4 

Acreage Delta (Insp., Repair, Replace) 

7.6 

3.0 

7.9 

3.1 

8.1 

3.2 

7.3 

2.9 

7.9 

o c 

3.2 

Acreage Delta (Re-Waterproof) 

10.0 


10.0 


8.9 


8.8 


Z.O 


System Processing 

- 


* 
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5.1 


9.2 
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2 -ve 

x-ve 

X-82 

e-v 2 

2-V2 

X-V2 

x-ax 

fr-vx 

e-vx 

2-VX 

x-vx 


x -82 

6 m - e-V2 
SO - XV2 
SO - XV2 
II - X-V2 
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1U| - X-V2 
»U| - X-V2 
XU| - x-VX 
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Turn Around Time 


21 Shifts For 7 Days 

4 Shifts Alt Operations Not Performed In Parallel With TPS Maintenance 
17 Shifts (Available for TPS Operations) 

8 Hours Per Shift 

136 Serial Hours => Hrs Per Shift * # Shifts 

938 Minimum Hours = Configuration lowest Manhours 

6.9 Techs Required Per Shift To Meet 17 Shift TPS Turn For Configuration With Lowest Manhours Requirement 


Configuration 

i 

< 

T- 

1 A-2 

1A-3 

i 

< 

c b 

l 

< 

_ CsL _ 

C\l 

_ c5 

CO 

I 

< 

CM 

00 

< 

CO 

C\J 

< 

CO 

CO 

<t 

CO 

T— 

< 

cvj 

1 

< 

1 A-1 - Int-OptIO 

Inspection 

601 

612 

613 

624 

633 

615 

617 

632 

660 

584 

599 

584 

621 

642 

591 

Replacement 

144 

139 

142 

142 

144 

144 

142 

148 

152 

134 

134 

130 

143 

145 

136 

Repair 

232 

236 

237 

241 

244 

239 

240 

246 

257 

225 

231 

225 

238 

246 

227 

Re-Waterproofing (Not 
Included) 

529 

539 

540 

550 

560 

531 

534 

546 

572 

523 

537 

523 

558 

577 

528 

Total Hours 

978 

907 

991 

1007 

1021 

997 

999 

1025 

1069 

942 

964 

938 

1002 

1033 

955 

Technicians Req'd Per 
Shift 

7.2 

7.3 

7.3 

7.4 

7.5 

7.3 

7.3 

7.5 

7.9 

6.9 

7.1 

6.9 

7.4 

7.6 

7.0 

Ranking 10 & down 

9.6 

9.5 

9.5 

9.3 

9.2 

9.4 

9.4 

9.2 

8.8 

10.0 

9.7 

10.0 

9.4 

9.1 

9.8 


Configuration 

2 A-1 - Int-OptIO 

2 A-1 - Int-Optl 1 

o 

Q_ 

O 

6> 

5 

< 

CM 

2A-1 - Wg-Optl 1 

2 A-1 - Wg-Optl 2 

2 A-1 - Tl-Optll 

2A-1 - CS-Optl 1 

2 A-1 - CS-Optl 4 

2A-3 - Wg-Optl 1 

2B-1-OTF5 

Inspection 

702 

607 

660 

619 

650 

622 

601 

614 

646 

710 

Replacement 

82 

141 

128 

145 

132 

146 

140 

125 

151 

134 

Repair 

186 

235 

223 

241 

231 

242 

233 

233 

251 

216 

Re-Waterproofing (Not 
Included) 

1105 

532 

678 

536 

604 

538 

519 

553 

559 

928 

Total Hours 

970 

983 

1011 

1005 

1014 

1009 

974 

973 

1049 

1060 

Technicians Req'd Per 
Shift 

7.1 

7.2 

7.4 

7.4 

7.5 

7.4 

7.2 

7.2 

7.7 

7.8 

Ranking 10 & down 

9.7 

9.5 

9.3 

9.3 

9.3 

9.3 

9.6 

9.6 

8.9 

8.9 
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Facilities - Horiz. Proc. 


Processing Facilities 

Assumptions 

1) Facility size based on: 

a) Vehicle Dimensions 

b) Constant values for work stands, access, cranes, etc. 

2) Number of facilities required is independent of vehicle size 

3) Horizontal facility trade therefore based on vehicle dimensions (square feet) only 


Horizontal Processing Facility(s) 
















































































































Facilities - Horiz. Proc 


Shops (Engine) 

Assumptions 

1 ) Same number of engines for all configurations 

2) Same maintenance required for engines on all vehicles 

3) Therefore, size/cost of engine shop is not a factor in the processing facility trade 

Shops (TPS) 

Assumptions 

1) Based on TPS required for each vehicle configuration 

2) Includes area for TPS fabrication (Production Units for tile, blankets) 

3) Includes material storage areas 

4) AETB Area same for all configurations ==> AETB TP S Shop area same for all configurations 

5) Number of blanket replacements varie^lMHMHHHHHBHBl A We 

Therefore, it is assumed that the -size of the Blanket TPS Shop area is the same for all configurations 


Additional CSic 


Configuration 

1 A-t 

CM 

< 

T— 

CO 

i 

< 

< 

IB-1 

l 

CM 
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CO 

< 

1 

CO 

< 

CM 

< 

CO 

< 

Height 













Width 













Length ' 








' 





Square Feet 













Rank 

to.o 

10.0 

10.0 

10.0 

10.0 

10.0 

10.0 

10.0 

10.0 

10.0 

10.0 

10.0 


Configuration 

< 

CM 

< 

1 A-1 - Int-OptIO 

2A-1 - Int-OptIO 

2 A-1 - Int-Optl 1 

2 A-1 - Wg-OptIO 

2 A-1 - Wg-Optl 1 

2A-1 - Wg-Optl 2 

2A-1 - Tl-Optll 

2 A-1 -CS-Optll 

2 A-1 - CS-Opt14 

Q. 

o 

cn 

5 

CO 

< 

in 

LL 

\- 

O 

CD 

Height 




7308.8 


2773.6 


1838.8 



540.6 


4915.1 

Width 














Length 














Square Feet 




730.9 


277.4 


183.9 



54.1 


491.5 

Rank 

10.0 , 

10.0 

10.0 

1.0 

10.0 

6.6 

10.0 

7.7 

10.0 

10.0 

9.3 

10.0 

3.9 
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Equip Reqmts • KSC 


Summary - Equipment Requirements 


iConflguratlon^ 


1 A-1 


1 A-2 


1 A-3 


1 A*4 


IB-1 


2A*1 


2A-2 


2A-3 


2B 


Selection Criteria 


Wt 


Score i Wt'd 


Score : Wt'd 


Score I Wt'd 


Score | Wt'd 


Score : Wt'd 


Score : Wl'd 


Score : Wt’d 


Score : Wt'd 


Score 


SLF 

Sating 

Vehicle Power/Control 

RP-1 RemovaVDrain Residue GSE 


10.0 

10.0 


10.0 
10 0 


10.0 

10.0 


10 0 
10 0 


10.0 
10 0 


10.0 

10.0 


10.0 
10 0 


10.0 

10.0 


10 0 
10 0 


Emergency 
Crash Truck 

Fire Truck & Fire Fighting GSE 
Emergency Crew Recovery 
Vehicle Recovery GSE 
Vehicle Removal GSE 
Tire Pneumatic/Change GSE 
Crew Egress GSE 


2% 


2% 


10.0 

10.0 

5.0 

10.0 

5.0 

10.0 
5.0 


0.1 


0.1 


10.0 

10.0 

5.0 

10.0 

5.0 

10.0 
5.0 


0.1 


0.1 


10.0 

10.0 

5.0 

10.0 

5.0 

10.0 
5.0 


0.1 


0.1 


10.0 

10.0 

5.0 

10.0 

5.0 
100 

5.0 


0.1 


0.1 


10,0 

10.0 

5.0 

10.0 

5.0 

10.0 
5.0 


0.1 


0.1 


10.0 

10.0 

5.0 

10.0 
5 0 
10.0 
5.0 


0.1 


0.1 


100 

10.0 

5.0 

10.0 
5 0 
10.0 
5.0 


0.1 


0.1 


10.0 

10.0 

5.0 

10.0 
5 0 
10.0 
5.0 


0.1 


0.1 


100 

10.0 

5.0 

10.0 
5.0 
100 
5.0 


Horizontal Maintenance Facility 

TPS GSE * Inspection & Maintenance 

Vehicle Access Work SI at ions 

Test/Repair Procedures GSE 

Part/Logistics Identification GSE 

MPS GSE Inspection GSE 

Avionics Remove & Replace 

Computer GSE for Vehicle TPS Fabrication 

LH2 Tank Inspection & Maint.. GSE 

L02 Tank Inspection & Maint.. GSE 

RP-1 Tank Inspection & Maint.. GSE 

P/L Bay GSE * Inspection, Repair & configuration 

Payload Installation GSE 

Structures GSE 

Commumcations/Telenrielry GSE 
Telecommunications GSE 
Environmental System GSE 
Landing Gear & Brake GSE 
Avion ics/Electrical Bench Repair & Test GSE 
Ground Power 

Cranes (High and Low Capability) 

OMS GSE * Inspection & Maint.. 

RCS GSE - Inspection & Maint.. 

Electrical GSE - Inspection & Maim.. 

Toxic Gas & Liquid Removal GSE 
SCAPE GSE 

SSTO Tow Truck (From SLF to HPF) 

SSTO Tow Truck (From HMF to Pad) 

Pad 

LH2 GSE Storage, Loading & Drain 
L02 GSE Storage, Loading & Drain 
L02 Refrigeration GSE 
Anll-Geyserlng GSE 


20% 


15% 

15% 

15% 


10.0 

6.0 

10.0 

10.0 

10.0 

10.0 

10.0 

8.0 

8.0 

5.0 

10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
100 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 


1.2 


1.2 

1.2 

0.8 


20% 


10.0 | 

10.0 | 

10.0 j 2.0 
10.0 I 


10 0 
6.0 
10.0 
10.0 
10.0 
10.0 
10.0 
8.0 
8.0 

5.0 

10.0 
10.0 
10,0 
10.0 
10.0 
10.0 
10.0 
100 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 


1.2 


12 

1.2 

0.8 


10.0 i 
100 I 

10.0 I 2.0 
10.0 \ 


io.o ; 


6.0 S 

1.2 

10.0 1 


10.0 1 


10.0 I 


10.0 I 


10.0 I 


8.0 | 

1.2 

8.0 j 

1.2 

5.0 1 

0.8 

10.0 1 


10.0 1 


10.0 ! 


10.0 j 


10.0 1 


10.0 j 


10.0 1 


ioo j 


io.o i 


io.o i 


10.0 j 


10.0 j 


10.0 1 


10.0 \ 


io.o i 



100 
6.0 
10.0 
100 
10.0 
10.0 
100 
8.0 
8 0 

5.0 

10.0 
10.0 
10.0 
100 
10.0 
10.0 
100 
10 0 
100 
10.0 
10.0 
100 
10.0 
10.0 
10.0 


1.2 


12 

12 

0.8 


100 I 
6 0 I 1.2 
10.0 I 
10.0 I 

10.0 i 
10.0 j 

10.0 I 

8.0 j 1.2 

8.0 j 1.2 

5.0 ! 0.8 

10.0 I 

10.0 j 

ioo i 

10.0 j 

10.0 j 
10.0 | 

10.0 | 

10.0 I 

10.0 ! 

10.0 1 
10.0 I 

10.0 j 
10.0 j 
10.0 \ 

10.0 i 


10.0 j 


6.0 j 

12 

10.0 j 


10.0 1 


io.o ! 


10.0 I 


100 1 


8 0 j 

12 

8.0 j 

1.2 

5.0 j 

0.8 

10.0 ; 


10.0 j 


io.o i 


10.0 I 


10.0 ; 


10.0 j 


10.0 ! 


io.o 1 


10.0 j 


io.o i 


10.0 1 


io.o i 


10.0 1 


10.0 j 


10.0 j 



10 0 
6.0 
10.0 
10.0 
10.0 
10.0 
100 
8 0 
8.0 
5 0 
10.0 
10.0 
10.0 
10.0 
100 
100 
10.0 
10.0 
100 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 


1.2 


1.2 
1.2 
0 8 


io.o ! 

100 

60 : 12 

6 0 

io.o ! 

100 

10.0 1 

100 

10.0 j 

10.0 

10.0 1 

10.0 

10.0 j 

100 

8 0 j 1.2 

8.0 

8.0 i 1.2 

8.0 

5.0 j 0.8 

5.0 

10.0 s 

10.0 

10.0 ! 

10.0 

10.0 1 

100 

10.0 i 

10.0 

10.0 j 

10.0 

10.0 i 

10.0 

10.0 j 

100 

10.0 1 

100 

10.0 j 

10.0 

10.0 | 

10.0 

10.0 j 

10.0 

io.o i 

10.0 

io.o i 

10.0 

10.0 j 

10.0 

10.0 j 

10.0 


io.o i 

10.0 

100 j 

10.0 

10.0 : 2.0 

10.0 

10.0 1 

10.0 


10.0 j 

10.0 I 
10.0 | 2.0 

10.0 ; 


10.0 

10.0 

5.0 

1.0 


1.0 


10.0 
10 0 

5.0 

1.0 


1.0 


10.0 

10.0 

5.0 

1.0 


1.0 


10.0 

10.0 

10.0 

1.0 
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Equip Reqmts KSC 


Summary - Equipment Requirements 


Configuration 


2A-1 - 

Wg-OptIO 

2A-1 - 

Wa-Optll 

2A-1 - Wa-Opl12 1 

2A-1 - Tl-Opll 1 j 

2A-1 -CS-Optll 

2A-1 - CS-Opt14 

2A-3 - Wg-Optll 

2B-1- 

Selection Criteria 

Wt 

Score 

j Wt’d 

Score 

1 wrd 

Score 

Wt'd 

Score 

Wt'd 

Score j Wt’d 

Score I Wt'd 

Score ! Wt'd 

Score 

SLF 














Sating 














Vehicle Power/Control 


10.0 


10.0 


10.0 


10.0 


10.0 j 

10.0 ; 

10.0 ; 

10.0 

RP-1 Removal/Drain Residue GSE 


10.0 


10.0 


10.0 


10.0 


10.0 j 

10.0 j 

ioo ! 

10.0 

Emergency 














Crash Truck 


10.0 


10.0 


10.0 


10.0 


10.0 | 

10.0 | 

10.0 1 

10.0 

Fire Truck & Fire Fighting GSE 


10.0 


10.0 


10.0 


10.0 


10.0 1 

10.0 j 

10.0 1 

10.0 

Emergency Crew Recovery 

2% 

5.0 

! o.i 

5.0 

i 01 

5.0 

0.1 

50 

0.1 

5.0 j 0.1 

5.0 : 0.1 

5.0 : 0.1 

5.0 

Vehicle Recoveiy GSE 


10.0 


10.0 


10.0 


10.0 


10.0 i 

10.0 : 

10.0 : 

10.0 

Vehicle Removal GSE 


5.0 


5.0 


5.0 


50 


5.0 j 

5.0 j 

5.0 ] 

5.0 

Tire Pneumatic/Change GSE 


10.0 


10.0 


10.0 


10.0 


10.0 j 

10.0 1 

io.o i 

10.0 

Crew Egress GSE 

2% 

5.0 

j 0.1 

5.0 

i 01 

5.0 

0.1 

5.0 

0.1 

5.0 | 0.1 

5.0 j 0.1 

5.0 \ 0.1 

5.0 

Horizontal Maintenance Facility 














TPS GSE - Inspection & Maintenance 


10.0 


10.0 


10.0 


10.0 


10.0 j 

10.0 j 

10.0 | 

10.0 

Vehicle Access Work Stations 

20% 

6 0 

| 12 

6.0 

: 1.2 

6.0 

1.2 

6.0 

1.2 

6.0 j 12 

6 0 : 1.2 

6 0 i 1.2 

6.0 

Test/Repair Procedures GSE 


10.0 


10.0 


10.0 


10.0 


10.0 j 

10.0 j 

10.0 j 

10.0 

Part/Logistics Identification GSE 


10.0 


10.0 


10.0 


10.0 


10.0 j 

100 j 

10.0 j 

10.0 

MPS GSE Inspection GSE 


10.0 


10 0 


10.0 


10.0 


10.0 : 

ioo ! 

10 0 j 

10 0 

Avionics Remove & Replace 


10.0 


10.0 


10.0 


10.0 


10.0 j 

100 j 

100 j 

10.0 

Computer GSE for Vehicle TPS Fabrication 


10.0 


10.0 


10.0 


10.0 


10.0 j 

10.0 j 

10.0 ; 

10.0 

LH2 Tank Inspection 4 Maint.. GSE 

15% 

8.0 

! 1.2 

8.0 

i 12 

8.0 

1.2 

80 

1.2 

8.0 j 1.2 

8.0 i 1.2 

80 j 1.2 

8.0 

L02 Tank Inspection 4 Main!.. GSE 

15% 

8.0 

S 1.2 

8.0 

j 1.2 

8.0 

1.2 

8.0 

1.2 

8.0 j 1.2 

8.0 j 1.2 

8.0 j 1.2 

8.0 

RP-1 Tank Inspection 4 Maint.. GSE 

15% 

5.0 

1 0.8 

5.0 

j 0.8 

5.0 

0.8 

5.0 

0.8 

5.0 j 08 

5.0 | 0.8 

5.0 ; 0.8 

5.0 

P/L Bay GSE - Inspection, Repair 4 configuration 


10.0 


10.0 


10.0 


10.0 


10.0 i 

10.0 1 

10.0 j 

10.0 

Payload Installation GSE 


10.0 


10.0 


10.0 


10.0 


10.0 ! 

io.o i 

100 j 

10.0 

Structures GSE 


10.0 


10.0 


10.0 


10.0 


10.0 i 

io.o ; 

100 j 

10.0 

Communicalions/Telemelry GSE 


10.0 


10.0 


10.0 


10.0 


10.0 i 

10.0 j 

10.0 j 

10.0 

Telecommunications GSE 


10.0 


10.0 


10.0 


10.0 


10.0 j 

10.0 \ 

10.0 j 

10.0 

Environmental System GSE 


10.0 


10.0 


100 


10.0 


10.0 | 

10.0 j 

10.0 j 

10.0 

Landing Gear 4 Brake GSE 


10.0 


10.0 


10.0 


10.0 


100 j 

10.0 j 

10 0 i 

100 

Avionics/Electrical Bench Repair & Test GSE 
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10 0 j 
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Configuration 

M 

3A-1 

3A-2 

3A-3 

4A-1 

4A-2 

1 A- 1 - Ini 

-OpM 1 

2A-1 - Int-OptlO 

Selection Criteria 

wt 

Wt'd 

Score i Wt’d 

Score i 

Wt’d 

Score : 

Wt'd 

Score j Wt'd 

Score : 

Wt'd 

Score 

Wl’d 

Score i Wt'd 

RP=1 GSE Storage. Loading & Drain 



10.0 j 

10.0 j 


io.o ; 


10.0 j 

10.0 j 


10.0 


10.0 j 

Gas Purge Systems 
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10.0 j 


10.0 j 
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10 0 j 
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10 I 
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0.5 

50 

0 3 
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Sandwich Designs Are Ranked Best - Lowest 
Probability Of Tank Penetration 

SSTO 



8a. Probability of tank penetration- ( Quantitative Analysis ) - The candidate vehicle options are compared on the 
analysis prediction (based on test data) of the probability of cryogenic tank penetration (leakage) for vehicle on- 
orbit duration’s of 90 days. 


Probability Of Penetration (Low Is Best) Ranking (High Is Best) 




j NASA - ROCKWELL/SSD - NORTHROP/GRUMMAN - ROCKWELL/NAAD/TULSA - HERCULES 







SZT 


S3"inod3H - vsiru/avvNn~i3M>ioou - Nvwwnuo/doaHiuoN - assmaMxooa - vsvn 


8208J80 

68S9Z60 

Ot-89660 

8*28660 

8*28660 

9396260 

8088260 

Z882860 

69SZ860 

z 

Zt780Z9*0 

6899/6*0 

0*8966*0 

0/9696*0 

0/9696*0 

959626*0 

908826*0 

9**606*0 

929886*0 

U jdO-6u|M-C-VS 

Z^80Z9*0 

6899/6*0 

0*8966*0 

0/9696*0 

0/9696*0 

999626*0 

908826*0 

91717606*0 

929886*0 

H JdO-SO-J-VZ 

ZW0Z9 0 

6899/6*0 

0*8966*0 

0/9696*0 

0/9696*0 

999626*0 

908826*0 

91717606*0 

929886*0 

■im^aav-ai 

Zt^80Z9*0 

6899/6*0 

0*8966*0 

0/9696*0 

0/9696*0 


908826*0 

91717606*0 

929886*0 

11 ldo-liei-1-VZ 

Zt?80Z9‘0 

6099/6*0 

0*8966*0 

0/96960 

0/9696*0 

999626*0 

908826*0 

9^6060 

— "I 1 1 TT'MI 

ZJ jdo-6u|M-J-VZ 

Zt^80Z9’0 

6099/6*0 

0*8966*0 

0/96960 

0/9696*0 

999626*0 

908826*0 

9**606*0 

■IMS 


Zfr80Z90 

68S9Z60 

0*8966*0 

0/9696*0 

0/9696*0 

9396260 

908826*0 

9^606*0 

9238860 


Zt^80Z90 

68S9Z60 

0*8966 0 

0ZS696 0 

0/96960 

9396260 


9**6060 

9238860 

JJ jdo-JU|-j-V2 

Z^80Z90 


0*8966*0 

0/9696*0 

0/9696*0 

TO 

908826*0 

9**606*0 

929886*0 

0 J jdo-jui-j-vs 


20*986*0 

28*986*0 

81*2696*0 

89**66*0 

Z1 6996*0 

988/96*0 

8866/8*0 

9/98/80 

0J ldo-lU|-j-VJ 

t^Z29ZZ‘0 

960/86*0 

0/2866*0 

91*9266*0 

61*9/66*0 

998096*0 

8Z80960 

918686*0 

018/16*0 

Z-Vfr 

89W090 

960/86*0 

0/2866*0 

8269176*0 

91*92660 

998096*0 

8/8096*0 

9208178*0 

6121178*0 

LStt 

68028Z0 

28*986*0 

28*986*0 

8198660 

01*6/66*0 

Z 16996*0 

988/96*0 

8999176*0 

019/26*0 

L-Y£ 

68028Z0 

28^3860 

20*986*0 

818866*0 

01*6/66*0 

Z169960 

988Z960 

8899*6*0 

019/26*0 

s-vg 

6288290 

28*986*0 

28*9860 

888296*0 

81*9866*0 

Z 16996*0 

988/960 

898098*0 


| R9 

eezetso 

68S9Z60 

0*89660 

9Z98660 

9Z98660 

9396260 

9088260 

iiiMI 

69SZ860 


ZW0Z90 


0*89660 

0/9696*0 

0/9696*0 

999626*0 

508826*0 

9t7l7606*0 

9238860 

1 BS9 1 

S90Z6ZO 

6899/6*0 

0^9660 

688966*0 

9/9866*0 

KEE^SI 

908826*0 



M WFBfPM IB 

ZW0Z90 

6899/6*0 

0*89660 



IM 

5088260 

9**606*0 

929886*0 

tats 

2K)028 0 

sepsmo 

9*08660 

9128660 

9128660 

ZJ 68 S 60 

9Z8SS60 

jj-ll'm-M 

908Z860 

tii 

12186/0 

28*986*0 

28179860 

9917^660 

912866*0 

/ 16996*0 

988/96*0 

0121796*0 

908/86*0 

fcYl 

H9299’6 

28frS860 

28*3860 

8126360 

391*660 

Z 163360 

988Z960 

8866 Z 80 

9ZS8Z80 

c-vi 

t-2186/’O 

28*986*0 

2817986*0 

99**66*0 

912866*0 

/ 16996*0 

988/96*0 

0121796*0 

908Z660 

z-vi 

n 9299*0 

ZCW586‘0 

28*886*0 

812696*0 

89**66*0 

/ 16996*0 

988/96*0 

8866/8*0 

9/98/8*0 

1-V1 

uo|)8J|eued 

uoijBjjoued on 

uopeneued on 

uoiieiieuod on 

UO|)BJ|8UOd ON 

U0pBi|0U9d ON 

UO|iBJ)BUOd ON 

uopanouBd on 

UOIIBilOUOd ON 


ON *o 

jo AjmqeqoJd 

lo Aimqeqojd 

jo AjmqeqoJd 

JO AjmqeqoJd 

joAjmqeqoid 

10 Aitliqeqojd 

JO AjmqeqoJd 

JO AjiliqBqoJd 

uondo 

A)mqeqoJd 

piojoejeujojoiw 

piojoejeujojoiw 

piojoeiewojoiw 

piojooieuiojoiw 

B|jqOQ 

sjjqQQ 

8|jqea 

8|jqea 

0|0|qoA 

IIBJOAQ 

dox mubi xoi 

uionog )|uei xoi 

doiMUBiZHI 

LUOWO0 )1UB1 3H1 

doi *UBi XQT 

luouog )fUBX xoi 

doiJjUBXzm 

uiowog )|UBi zhi 



(eejv 0A|joa|i3 peBuBMoTuoilBbon >|ubi uocJnPQSBa |©pow S|jqea uoissIwooTodSWPOUIPOW Buisn 

uo|)ej)eudd jo AimqeqoJd eg - OS 


^ _Q1SS 

uoj)ej)eudd on jo Ajjijqeqojd pjojoejouiojon/yi 9 sijqoa JOj 
jsog 9 jb uojjonjjsuoo ip|MpuBS pue |Bj 69 JU|-uon 



































































































































































































































Debris Impact Tests Completed 


lati Pune Is Tested at NASA/MSFC Durtnc 

Phase 1 and Delta Tesla 1 

i 

mmmm\ 

f^MByif^«l9ii T i^l 

^^■ii 




Test Id 

Dale Tested 

Panel 

TPS I 

Foam 

Particle 1 

■1 

Panel 


Nextet 

Composite Panel 



Sample Id 

Type 


■ 27 m 

iliTTC.lilMM 


Hsmi 

Material 

1122 

Bumper 

Damage From Test 

■rriTH 

IRF7FT9 


fts 

0.16 * N - 0.32 


0.75 

0.187 

0.090 

IM7/8552 

Skin/Si ringer 

Yes 

0.60 by 1.07 inch Hole 

1 64 1 

1/24/95 


ma 

0.16 - N - 0 32 

■3E29 

0.75 

0 125 

0.090 

LM 7/8562. _ 

SMn/StrlrifleL 

Yes 

None Visible 

t 650 

1/31/95 


ma 

0.16 - N - 0.32 - K 

61 WF 

0.50 

0.107 

0.090 

iM7/B552 

Skin/S] ringer 

Yes & Kevlar 

0,82 by 1.30 inch Hole 

1662 

2/1/95 


ma 

0.16 - N - 0.32 - K 

51 WF 

0.50 

0.250 

0.090 

IM7/B552 

Skin/Sl ringer 

Yes & Kevlar 

1.32 by 1.54 Inch Hole 


mmrrm 


ms 

0.32 - N - 0.32 - K 

5tWF 

0.60 

0.187 

0.090 

IM7/6552 

Skin/Slringer 

Yes & Kevlar 

0,40 by 0.54 inch Hole 

1656 

2/6/95 

1 3 

ma 

0.32 - N - 0.32 - K 

51 WF 

0.50 

0.187 

0.090 

IM7/8552 

Skin/Stringer 

Yes A Kevlar _ 

0.77 by 0.9 inch Hole 

1668 

2/14/95 

26 

ma 

0 16 - N - 0 32 

71 WF 

_ 0.75 

0 187 

0.090 

IM7/8552 

Skin/Stringer 

Yes 

0.66 by 1.26 inch Hole 

1670 

2/14/95 

25 

m3 

0 16 - N - 0,32 

71 WF 

0.75 

0 125 

0.090 

IM7/8552 

Skin/Stringer 

Yes 

Delamination with No Penetration 
0.70 by 1.40 inch Hole 

1635 

1637 

1/19/95 

1/20/95 

A3 

A4 

AFRSI 

N - 0.75 

51 WF 

6.75 

0.187 

0 090 

IM7/8552 

Skin/Stringer 

Yes 

AFRSi 

N - 0.76 - N 

61 WF 

0.75 

0.187 

0.090 

1M7/8552 

Skin/Stringer 

Yes 

0.87 by 1.13 Inch Hole 
0.76 by 1.26 inch Hole 

1654 

1666 

2/1/95 

1 4 

AFRSI 

N - 1.0- K 

61 WF 

0 60 

0.167 

0.090 

IM 7/86 52 

Skin/Slringer 

Yes Coated & Kevlar 

" 2/1/96 

18 

AFRSI 

N (C9 Coating) - 1.0 - K 

51WF 

0.50 

0.187 

0.090 

1M7/8552 

Skin/Stringer 

Yes Coaled A Kevlar 

0.60 by 0.67 inch Hole 
0 60 by 1.10 inch Hole 

1 657 

2/6/95 

20 

AFRSI 

N (C9 Coating) - 1 .0 - K 

51WF 

0.75 

0.187 

6 090 

IM7/8552 

Skin/Stringer 

Yes Coated & Kevlar 

1668 

2/6/95 

2l" 

AFFBI 

N (C9 Coating) - 1 .0 - K 

5IWF 

0.75 

0.187 

0.090 

IM 7/8552 

.Skin/Stringer 

. Yes Coated & Kevla r 

0.55 by 0.80 inch Hole 

1665 

2/10/95 

1 7 

AFRSI 

N - 2.0 - K 

51WF 

0.75 

0.250 

0.090 

IM7/8552 

Skin/Stringer 

Yes & Kevlar 

2 68 by 1.39 Inch Hole 

1667 

2/13/95 

1 6 

AFRSI 

N - 2.0 * K 

61WF 

p .75 

0.107 

0 090 

IM7/8552 

Skin/Stringer 

Yes & Kevlar 

None Visible 
t 30 by 0.80 inch Hole 

1672 

2/15/95 

1 5 

AFRSI 

N - 1.0- K 

61 WF 

0 50 

0.187 

0.090 

IM7/8552 

Skin/Stringer 

Yes A Kevlar 

1673 " 

2/15/95 

1 9 

AFRSI 

N (C9 Coating) - 1.0 • K 

51WF 

0.50 

0.187 

0.090 

IM7/8552 

Skin/Stringer 

Yes Coated & Kevlar 

0.40 by 0.70 inch Hole 










1642 

1/25/95 

A6 

AFRSI 

1.00 

61WF 

0.75 

0,126 

0.045 Facesheet 

IM7/8552 

Honeycomb 

No 

None Visible 

1643 

1671 

1/26/96 

A7 

AFRSI 

2.00 

61WF 

0.75 

0 126 

0 046 Facesheel 

IM 7/8552 

Honeycomb 

No 

NoneVisible 

2/14/95 

26 

AFRSI 

1.00 

61 WF 

0 50 

0.187 

0,045 Facesheet 

IM 7/8552 

Honeycomb 

No 

0.98 by 0 87__inch Hole 













. 

TestT 

2/7/95 

4 

Non-lnlegral Tank FRSI 

0.16 - 0.32 

61 WF 

0.75 

0.125 

0.090 

IM7/8552 

Non Integral 

No 

None Visible 

I860 T 

2/7/95 

5 

Non-lntearal Tank FRSI 

0.16 - 0.32 

51 WF 

0.75 

87 

0.090 

IM 7/8552 

Non-Integral 

No 

None Visible 














1662 

2/9/95 

8 

Non-lntearal Tank AETB 

2.00 

61WF 

0.75 _ 

g.250_._ 

0.090 

IM7/B552 

Non-Integral 

No 

None Visible 
None Visible 

1664 

2/10/95 

9 

Non-Integral Tank AETB 

2.00 


0.75 

0.313 

6 090 

IM7/8552 

Non-lnlegral 

No 















1661 

2/9/95 

6 

Non-lntearal Tank AFRSI 

0.75 


0.76 

0.187 

0 090 

!M ?/85 52 

Non- integral 

No 

None Visible 

1663 

2/10/95 

7 

Non-lntearal Tank AFRSI 

0.75 

5IWF 

0.76 

0.250 

0.090 

IM7/8552 

Non-lnlegral 

No 

,07 Inch Diameter Hole 
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1804 

9/19/94 

1 0 

AFRSI 

0.50 

51 WF 

0.50 

0. 125 L 0!_ 

0.099 

!M 7/8552 

Skin/Stringer 

No 

0.46 by 0.24 Inch Hole 

9/20/94 

i~3 

... AFRSI 

0.50 


0.50 

0.125, p* 1 

0 099 

(M7/8652 

Skin/Stringer 

Yes 

Small Amount of Delamination Rear Side 
None Visible 

1605 

9/20/94 

1 6 

AFRSI 

' 100 


0 75 

0.126. 6* 

0_099 

IM7/8652 

Skin/Stringer 

No 

1606 

9/20/94 

1 7 

AFRSI 

" i oo 

■•livS 

0.76 

Q.260, 0* 

0 097 

IM7/8552 

Skin/Slringer 

No 

1,25 by 2.20 Inch Hole 

i.O by 0.50 Inch Hole 

1607 

9/21/94 


AFRSI 

L 

61 WF 

0.75 

0.187^ 0!_^ 

0 097 

IM 7/8552 

Skin/Stringer 

No 

1608. 

9/2W94 


AFRSI 

0.50 (Taped) 

5IWF 

6.50 

0.125, 0* 

0 098 

IM7/8552 

Skin/Stringer 

No 

0.40 by 0.23 Inch Hole 

1609 

9/22/94 


AFTOJ 

0.50 

6IWF 

0.50 

0.187, 0* 

0.095 

IM7/8552 

Skin/Stringer 

Yes 

0.90 by 0.90 Inch Hole 

1610 

9/22/94 


AFRSI 

0.60 

61WF 

0,50 __ 

0.187, 30* 

0.094 

IM 7/8652 

Skin/Stringer 

Yos 

1 . 1 by 0.80 Inch Hole 

161 1 

9/23/94 


AFRSI 

0.60 


0.50 

6.125, 30* 

0.098 

IM 7/65 52 

„SWn/Strlnger 

NO 

Bad Shot 















1612 

9/26/94 


ma 

0 35 

51 WF 

0.80_ 

0725 

0 096 

IM7/8552 

Skin/Slringer 

NO 

0 60 by 0.30 lnch Hole 

1613 

9/28/94 


FFS 

0.50 


0 50 ... 

0.125 

0.096 

IM7/8552 

Skln/Slrlnger 

NO 

Circular Hole 0.4 Inch Diameter, Delamination 
No Penetration, Delaminalion 0.6 by 7 Inch 


9/29/94 


FRa 

0.50 

51 WF 

0.50 

0.125 

0.096 

IM7/8552 

Skin/Slringer 

Yes 















1616 

10/6/94 


AETB 

ioo 

51 WF 

0 70 

0.126 

0.096 

]M 7/8552 

Skin/Slringer 

No 

None Visible 

1617 

1 0/6/94 


Aft? 

2.00 

51 WF 

_ _ JO. 70 

0 260 

0.096 

IM 7/86 52 

Skin/Stringer 

No 

None Visible 

1618 

10/7/94 


AETB 

2.50 

wiviJi 

1.00 

0,250 

0.096 

i IM7/B552 

Skin/Slringer 

No 

None Visible 

V619 

10/7/94 


AETB 

2.60 

51WF 

1.00 

0.375 

0.098 

!M 7/8552 

Sk/n/SIrjoflei' 

No 

2.5 by 6.5 Inch Hole 

1620 

10/7/94 


AETB 

2 50 

51WF 

j.00 

0.313 

0.096 

JM7/8552 

Skin/Slringer 

No 

0.3 by 0,4 Hofe.pelanifcnationpn Rear Side 
1.5 by 3.0 Hole. Panel Delamination on Rear Side 

1621 

10/1 1/94 


AETB 

2.00 

51WF 

0.70 

0.313 

0 096 

1M7/0552 

Skin/Stringer 

No 

1 625 

10/13/94 


AETB 

3.00 

6tWF 

1.20 

0.313 

0 096 

IM 7/85 62 

Skin/Stringer 

No 

NoneVisible 

1626 

10/21/94 


AETB 

3.00 

61WF 

. ’ ” IJ2Q 

0 376__. 

0.096 

IM 7/85 52 

Skin/Stringer 

NO 

Severely Delaminated and Torn Into many pieces 














17 Inch Irregular Shaped Hole 

1624 

To/ 12/94 


Non-lntearal Tank FRSI 

0.38 

61WF 

070 _ 

0.250 

07 00 

IM 7/8552 

Skin/Stringer 

No 

1 630 

12/29/94 


Non-Integral Tank FRSI 

0 28 

61 WF 

0.70 

07 87^ 

0.096 

IM 7/85 52 

Skin/Stringer 

No 

None Visible 













2.5 by 1.3 Inch Hole 

1622 

1 0/12/94 


Non- Integral Tank AETB 

0.50 

51 WF 

0.50 

0.375 

0.096 

IM7/0552 

Skin/Stringer 

No 

1623 

_ 10/_1_2/94 


Non-Integral Tank AETB 

0 50 

51WF 

0.50 

0.313 

0,096 

IM 7/8552 

Skin/Stringer 

No 

0.4 Inch Diameter Hole 













_ . . 

1631 

r2/29/94" 


Non -Integral Tank AFRSI 

6 26 

61 WF 

070 

T.107 

0 096 

IM7/8552 

Skin/Stringer 

No 

None Visible 

-ii 



Non-lnleoral Tank AFRSI 

0.50 

61 WF 

Ml 



wimz , , 

Skin/Strinaer 

No 

0 4 bv 0 2 Inch Hole 


126 
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Debris Imped Worksheet 


R L Schmrl 
3/9/95 


( Probability of No impact 



1 

i "1 







[Using Modified MSFC 100 Mission Dehrte Model Based Upon Tank Local 

on (Changed Effective Araa] 

Modffled 160 Mission MSFC Modal For Are* Difference 






Modfted 100 Mission MSFC Model F 


1 

LH Tank 


Tank 

ProbabMy 


?'<**** 

Prabrtritly 

Probability 

Component 

Test 

Test 

Test | 

VcNcta 


Bottom 


Conskuciion 

of No Impact 

of No Imped 

of No Imped 

of No Impact 

of No tmpad 

Probability 

Pot* 

Pertida 

Panel 

Option 

Avg TPS Thkkrtest 

Type Of TPS 

Avg Foam Thickness 

Type 01 Foam 

Type 

(0 125 Inch ) 

<0.1675 Inch } 

(0 250 Inch ) 

<0.3125 Inch ) 

(0.375 Inch ) 

of No Impact 

Reference 

Sin 

Results 

1 A-1 

1.39 

Iffl9 

0 99 

Rohaoril 

Skin / Strings# 

0 702506 

0 676576 

0 937906 

0063045 

0 975693 

0 670576 

1605 

0 135 

None Visible 

IA-3 

1.39 

A TO 

0 99 

Rohaoril 

Skin 7 Stringer 

0.702506 

0.676576 

0.937606 

0.963045 

0.975003 

0.076576 

1605 

0.125 

None Visible 















1A 2 

1/4 

Aina 

0.31*1.14 

Ruhsod 

Honeycomb 

0 702606 

0076576 

9.937006 

0.96304S 

0 075093 

0 937606 

1671 

6 167 

Assumed to Have no Damage { Based Upon 1642, 1643) 

1A-4 _ 

1 74 

afrs 

.31*1.10 

Rohacal 

Honeycomb 

0 702506 

0 670570 

0 937606 

0 963045 

0 975093 

0 937006 

1671 

0.167 

Assumed to Have no Otmige ( Bssed Upon 1642, 1643) 

2A 1 

0 50 


0.30 

Rohaoc* 

Skin / Stringer 

0.933629 

0.976017 

0.907609 

0.96(991 

0.996216 

0.033616 

1603 

0 125 

0 45 by 0 24 Inch Hole 

2A- 3 

OJO 

AFRSI 

0 39 

Rohace* 

Skin / Stringer 

9.093046 

0.970067 

0.967699 

0.992691 

0.966216 

0 .933136 

1603 

0 125 

0 45 by 0 24 Inch Hate 

2A-2 

0 50 

AFR9I 

1.50 

RohaoeA 

Honeycomb 

0.933619 

0 976007 

0.96706* 

0.002991 

0.006216 

0.167669 

1671 

0.167 

Assumed to Hsve no damage ( Based Upon 1642. 1643) 
















3A- 1 

0 76 

ATO 

0.59 

Rohaoel 

Skin / Stringer 

0.961130 

0.959239 

0.927510 

0 956631 

0 971674 

0 659239 

1605 

0 125 

None Vistoto 















3A-2 

1 05 

A/ra 

10*1 26 

Rohan* 

Honeycomb 

0 661130 

0 659239 

0 927516 

0956031 

0 971574 

0 927510 

1671 

0 167 

Assumed to Have no Damage ( Based Upon 1642, 1643) 

3A-3 

1.05 

ATO 

.10*1.20 

Rchece* 

Honeycomb 

0.661130 

0.059239 

0.927510 

0956031 

6 971574 

0.927510 

1671 

0.187 

Assumed to Have no Osmage (Based Upon 1642, 1643) 














4A- 1 

1 12 

APRS 

0.91 

Rohaoel 

Skin 7 Stringer 

0 623992 

0.841219 

0.917010 

0 950050 

0.967667 

0.641219 

1605 

0.125 

Nona Vi* fete 















4A-2 

1.25 

AFFO 

019*1 19 

Rohaoc* 

Honeycomb 

0 623992 

0.041219 

0.917610 

0950950 

0 967667 

0 917010 

1671 

0 107 

Assumed to Hava no Damage ( Based Upon 1642. 1643) 
















16 1 

0 55 

ATO 

0.75 

Rohan* 

Non-Integral Honeycomb 

0.702506 

0.876576 

0.937606 

0.963045 

0 975693 

0 937606 

1660 

0.107 

None Vls*te • Test Done lor FRSI - AFRSI Assumed Better 
















28-1 

0 50 

AFR3 

0.75 

Rohaoel 

Norvirrtegrel Honeycomb 

0.039616 

0.976067 , 

0.997690 1 

0.992691 

0.996216 

9.697699 

1660 

0.167 

None Visfcte - Teal Done lor FRSI - AFRSI Assumed Better 
















20-1 -OIF 5 

0.39 

AfflH 

0.75 

Rohaoel 

Non-Integral Honsyoomb 

0.911610 



0.9*0116 

0.663796 

9.907600 

1660 

0 167 

None VIskAo Test Done lor FRSI - AFR9I Assumed Better 






























Probability 

of No Impact 














1 Lisina Modified MlfC 100 Mission Debrie Modal Based Upon Tank Location (Changed Ifleclhre Area] 

I 

1 

8 

i 

or Area OMerenoe 






Modified 100 Marion MSFC Model f 




LH Tank 


Tank 

ProbaMMy 

ProbeMty 

Probabiiy 

PtobabUty 

ProbaMrty 

Component 

Tael 

Tail 

Tesl^ 

Vehicle 



Top 


Con » Irocl Ion 

of No Imped 

of No Impact 

of No Impact 

of No Imped 

of No Impart 

Probability 

Pend 

Parkcto 

Penri 

Option 

Avg TPS Thickness 

Type a TPS 

Avg Foam Thickness 

Type Of Foam 

Type 

(O.I25 Inch ) 

(0 160 Inch ) 

(0.250 Inch ) 

(0.3125 Inch ) 

(0 375 Inch ) 

of No Impact 

Reference 

Sin 

Resuks 

1A-1 

0.47 

AOT 

0.30 

Rohaoel 

$dn / Stringer 

0679966 

— Lilli*!-- 

0 654210 

0-«770l# , 

0.977019 

0996459 
Of 864 39 

0.991130 
0 99 M SO 

0.079909 
0 070966 

1603 

1603 

0.125 

o.jaa 

0.45 by 0 24 Inch Hole 
0 45 by 0 24 Inch Hole 


... 


. _ .... 

- 






1 A-2 

0.40 

AHB 

0 00*1.14 

Rohaoel 

Honeycomb 

0 679060 

0 954210 

0 077010 

0 966459 

0 991130 

0 954210 

1641 

0.125 

Test Results For FRSI • AFRSI Assumed to be Belter 

1A-4 

0.40 

AFR9 

0 00*1.16 

Rohaoel 

Honeycomb 

0 979969 

0.954210 

0.977019 

0 966459 

6.091130 

0 954210 

1641 

6.125 

Test Results For FFtSf - AFRSI Assumed to be Better 
















2A-1 

0 43 

a#rs 

0 39 

Rohaoel 

Skin / Stringer 

0 909446 

0.065799 

0 962687 

0.999929 

0913407 

0 909 4 

~"|0O3 

0.125 

0 45 by O 24 Inch Hole 

2A 3 

0,43 

AfPQ 

0.30 

Rohaoel 

Skin / Stringer 

0.909446 

0.965799 

0.962697 

0,969929 

0.993407 

0.909440 

1603 

0 125 

0.45 by 0.24 Inch Hole 
















2Ail 

0.40 

AH® 

1.50 

Rohaoel 

Honeycomb 

0 909446 

0 965709 

0 062007 

0 9S9929 

0 993407 

0965709“ 

t642_ 

0.125 

None Visible 














3A- 1 

0.40 

AFT® 

0.39 

Rohaoel 

Skin / Stringer 

0.660956 

0 946553 

0 0 731 22^ 

0,904 149 

0 *69613 

6 060050 

1603 

0 125 

0.45 by 0^ 24 “inch" Hole 
















3A-2 

0.40 

AFRO 

0.00*1 26 

Rohacal 

Honeycomb 

0.660056 

0 946653 

0 9/3122 

0 9MT49~~ 

0 9696U 

0 946553 

j64? 

_0.i25_ 

None VaAie 

3A-3 

0.40 

ATO 

0 00*1 26 

Weed 

Honeycomb 

O.60O6M 

0.946553 

0 9 73122 

0.9041 4*j 

0.909613' 

0.946553 

1642 

0. 125 

None V«*to 

4 A- 1 

0.40 

AH® 

0.36 

Hchacd 

Skin / Stringer 

0 643025 

0.939319 

0.069424 _ 

0 901955 

0.966170 

6 043025“ " 

1603 

6.125 

0 46 by 0 24 inch Hole 
















4A-2 

0 50 

AFF® 

0.00.1.16 

Rohaoel 

Honeycomb 

0043025 

0 939316 


....ML 1 ***.— 

’ 0 961170”’’ 

0 939316 

1642 

0.125 

None Visible 
















1B-I 

0 50 

AFT® 

0 75 

Rohan* 

Non-Integral Honeycomb 

0 679060 

0 9 542 1 0 

. 0 977010 

0 906459 

0 991130 

0 977019 

1660 

0 187 

None Vlstote - Test Done lor FRSI - AFRSI Assumed Better 















2B-1 

0.40 

Am 

0.75 

Rohacal 

Non- Integral Honeycomb 

0909446 

0 965799 

0.992967 

0.909929 

0 993407 

0 902667 

.... , 

... 1660 

0.107 

None Vtsfcie - Test Done lor FRSI - AFRSI Assumed Better 













20-1-OTFS 

0.30 

AH® 

0.75 

Rohaoel 

Non-Integral Honeycomb 

0 90*446 

0 965799 

0 962667 

0 966459 

0 99M30 

0 902667 

1660 

O.I07 

None Vlstote - Test Done lor FRSI - AFRSI Assumed Better 
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ol No Impact 

ol No Impact 

ol No tmpact 

ol No Impact 

Probability 



Panel 


Option 

Avg TPS Thtckness 

Type Ol TPS 

Avg Foam Thickness 

Type Ol Foam 

BHetsB 

(0.125 Inch ) 

(0.186 Inch > 

(0 250 Inch ) 

(0.3125 Inch ) 

(0 375 Inch ) 

ot No Impact 
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1 A- 1 

0 50 

AFT® 

0 38 

Rohacall 

Skin / Sinnge* Al-U 

0.996181 

0 999487 

■CEHH3B 

■pf. El 
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0 45 by 0 24 inch Hole 
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I Using ModWed MSFO 100 Mlsalon Debcla Modal Baaed Upon Tank Location (Changed CflecUve Area) 

ModMad 100 Misaion MSFC Modal F « A taa Difference 
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’* V ";WM 

ol No Impact 

ol No Impact 

ol No Impact 

ol No Impact 



Panel 


Panel 


Option 

Avg TPS Thickness 

liOsliil 

Avg Foam TNcferwt* 


■nsl 

KXE1EM 


(0.250 Inch ] 

(0.3125 Inch ) 

KSB3B31 


FTeference 


Results 


1 A- 1 

0 47 

AFT® 

0 38 

Rohacall 

MaaEasgEaM 

KEXlXgn 





■FXjTCXHE 

'K^a 

0 125 

0 45 by 0 24 inch Hoia 


1 A-3 

0.47 

AFT® 

0 38 
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Skin 7 Stnngat Al-U 

BxhTtnftl 

■ihbnii*i 

■nfrTTTi^R 




1603 
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0 45 by 0 24 inch Hole 


















tA 2 

0 47 

AFT® 

0 38 

Rohaceil 

Skm 7 Stfinga* Al U 

0 986432 i 

0 996048 

0 999371 

0 999740 

0 999874 

0.9B5432 

1603 

0 126 

0 45 by 0 24 Im* Hole 


1 A-4 

0.47 

AFT® 

0.38 

Rohacait 

Skm / String at Al U 

0.985432 

0 998046 

0 999371 

0 999/40 

0 999874 

0.9B5432 

1603 

0 125 

0 45 by 0 24 inch Hott 
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0 52 
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0.39 

Rohacall 

Skin 7 String at Al-U 

0.976539 

0.996040 

0 998963 

0 999560 

0.999796 

0.976539 

1603 

0.125 

0 45 by 0 24 Inch Hoia 


2A 3 

0 52 

AFT® 

0.39 

RohacaH 

Skin / String at At U 

0.978839 

0 90*840 

0 996983 

0 999580 

0 099796 

0 976530 
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0 125 

0 45 by 0 24 inch Hoia 
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0 52 
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0.39 

Rohacall 

. Skin / Sltingat AJ-U 
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0.996840 

0 996963 

0 999500 

0 999796 

0.976539 
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0 45 by 0 24 inch Hole 
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0.40 

AFT® 

0.38 

Rohacall 

Skin / Sltingat AJ-U 

0.905432 

0.998046 

0 999371 

0 999740 

0 999874 

0.985432 

1603 

0.125 

0 45 by 0 24 inch Hoia 
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0 38 
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Skin / Sltingat AJ-U 
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0 098046 
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0 909874 

0 065432 
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0 125 

0 45 by 0 24 Inch Hole 


3A-3 

0.40 

AFT® 

6.38 

RohacaH 

Skm / Sttwgar Al-U 

0985432 

0,998046 

0 999371 

0 999740 

0 999874 

0 985432 

1603 

0 125 

0 45 by 0 24 Inch Hoia 


4A-I 

0.40 

aft® 

0 38 

Rohacall 

Skm / Stringer At-U 

0 987095 

0.998270 
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0.999770 

0.999889 

0 967095 
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0 45 by 0 24 Inch Hole 
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Skm 7 Stnngat Al-U 
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0.990270 
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0.967095 
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6 125 

0 45 by 0 24 Inch Hole 


















(BJ 
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_ Rohaoafl__ 

Skm 7 Sltingat AJ U 

0 9854 3 2 
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0 999371 
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0.999674 

0.985432 

1603 

0 125 

0 45 by 0 24 inch Hole 


2B-1 

0 52 

AFT® 

0.39 

RchaoaH 

Skin 7 Sltingat AJ-U 

0.976539 

0.996640 

0 998983 

0.999580 

0.999796 

0.976539 

1603 

0 125 

0 45 by 0 24 inch Hole 
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0 52 
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0.39 

RohacaH 

Skin / stnngat AJ-U 

0.976539 

0.996840 

0 996983 

0 999580 

0.999796 

0.976539 

1603 

0.125 

0.45 by di24 inch HcHa 
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Micromeleoroid Wrap-up Summary 



Total Vehicle 

Total Vehicle 

Total Vehicle 

Total Vehicle 

Vehicle 

Probability of Micrometeoroid 

Probability of Micrometeoroid 

Probability of Micrometeoroid 

Probability of Micrometeoroid 

Option 

Of No impact 

Of No Impact 

Of No Catastrophe Failure 

Of No Catastrophe Failure 


MSFC Mission Profile 

MSFC Mission Profile 

MSFC Mission Profile 

MSFC Mission Profile 

1 A-1 

0.926318 

0.936403 

0.988815 

0.990243 

1 A-3 

0.926318 

0.936403 

0.988815 

0.990243 

1 A-2 

0.963979 

0.974474 

0.988815 

0.990243 

1 A 4 

0.963979 

0.974474 

0.988815 

0.990243 

2A-1 

0.9151 10 

0.936209 

0.987655 

0.990661 

2A-3 

0.915110 

0.936209 

0.987655 

0.990661 

2A-2 

0.968168 

0.969114 

0.990419 

0.991387 

3 A-1 

0.918847 

0.918847 

0.983224 

0.984644 

3A-2 

0.962765 

0.962765 

0.987571 

0.988997 

3 A-3 

0.962765 

0.962765 

0.987571 

0.988997 

4A-1 

0.928269 

0.925218 

0.986829 

0.986829 






4 A -2 

0.975782 

0.975782 

0.986829 

0.986829 

IB-1 

0.980000 

0.981415 

0.992545 

0.996064 

2B-1 

0.970877 

0.971826 

0.991060 

0.995138 

2B-1-OTF5 

0.970035 

0.971295 

0.990201 

0.994906 
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Non-Integral and Sandwich Construction are Best 

For Debris & Micrometeoroid Probability of No Rupture 

—— 


SC - 8b Probability of No Catastrophe Failure (Allowing 0.70 Inch Diameter Hole) 
Using Modified MSFC 100 Mission Debris Model Based Upon Tank Location (Changed Effective Area) 


Vehicle 

Option 

LH2 Tank Bottom 
Debris 

Probability of 
No Rupture 

LH2 Tank Top 
Debris 

Probability of 
No Rupture 

LOx Tank Bottom 
Debris 

Probability of 
No Rupture 

LOx Tank Top 
Debris 

Probability of 
No Rupture 

LH2 Tank Bottom 
Micrometeoroid 
Probability of 
No Rupture 

LH2 Tank Top 
Micrometeoroid 
Probability of 
No Rupture 

LOx Tank Bottom 
Mlcrometeorold 
Probability of 
No Rupture 

LOx Tank Top 
Mlcrometeorold 
Probability of 
No Rupture 

Overall 

Probability 

of 

No Rupture 

1A-1 

0.937806 

0.95421 

0.988105 

0.983607 

0.998216 

0.994465 

0.998046 

0.998046 

0.859997 

1A-2 

0.937806 

0.95421 

0.988105 

0.983607 

0.998216 

■HSi 

0.998046 

0.998046 


1A-3 

0.937806 

0.95421 

0.988105 

0.983607 

0.998216 

0.994465 

0.998046 


0.859997 

1A-4 

0.937806 

0.95421 

0.988105 

0.983607 

0.998216 

0.994465 

0.998046 

0.998046 

0.859997 


0.937806 

0.977019 

0.994082 

0.983607 

0.998216 

0.998216 

0.998046 

0.998046 

0.889222 

2A-1 

0.975097 

0.965799 

0.964028 

0.973613 

0.995889 

0.995889 

0.998983 

0.996840 

0.873004 

CM 

1 

< 

CM 

0.987569 

0.965799 

0.964028 

0.973613 

0.998676 

0.995889 

0.998983 

0.996840 

0.886644 

2A-3 

0.975097 

0.965799 

0.964028 

0.973613 

0.995889 

0.995889 

0.998983 


0.873004 

2B-1 

0.987569 

0.982887 

0.964028 

0.973613 

0.998676 

0.998676 

0.998983 

— 

0.904857 

3A-1 

0.859239 

0.946553 

0.988105 

0.983607 

0.993518 

■MIM 

0.998046 

■mi 

0.777206 

3 A -2 

0.927510 

0.946553 

0.988105 

0.983607 

0.997910 

0.993518 

0.998046 

0.998046 

0.842668 

3A-3 

0.927510 

0.946553 

0.988105 

0.983607 

0.997910 

0.993518 

0.998046 

0.998046 

EIBI 

4A-1 

0.917810 

0.939316 

0.960373 

0.985467 

0.997619 

0.992616 

0.998270 

0.998270 

0.805172 

4A-2 

0.917810 

0.939316 

0.960373 

0.985467 

0.997619 

0.992616 

0.998270 

0.998270 

0.805172 

1A-1-lnt-Opt 10 

0.937806 

0.954210 

0.988105 

0.983607 

0.998216 

0.994465 

0.998046 

0.998046 

0.859997 

2A-1-lnt-Opt 10 

0.975097 

0.965799 

0.964028 

6.973613 

0.995889 

■mi 

0.998983 

0.996840 

0.873004 

2A-1-lnt-Opt 11 

0.97509 7 

0.965799 

0.964028 

0.973613 

6.995889 

0.995889 

0.998983 

0.996840 

0.873004 

2A-1-Wlng-Opt 10 

0.975097 

0.965799 

0.964028 

0.973613 

0.995889 

0.995889 

0.998983 

0.996840 

0.873004 

2A-1-Wlng-Opt 11 

0.975097 


0.964028 

0.973613 

0.995889 

0.995889 

0.998983 

0.996840 

0.873004 

2A-1-Wlng-Opt 12 

0.975097 

0.965799 

0.964028 

0.973613 

0.995889 

0.995889 

mmmmm 

0.996840 

0.873004 

2A-1-Tall-Opt 11 

0.975097 

0.965799 

0.964028 

0.973613 

0.995889 

0.995889 

mmmaam 

0.996840 


2A-1-CS-Opt 11 

0.975097 

0.965799 

0.964028 

0.973613 

0.995889 

0.995889 

0.998983 

0.996840 

0.873004 

2A-1-CS-Opt 14 

0.975097 

0.965799 

0.964028 

0.973613 

0.995889 

0.995889 

0.998983 

0.996840 

0.873004 

2A-3-Wlng-Opt 1 1 

0.975097 

0.965799 

0.964028 

0.973613 

0.995889 

0.995889 

0.998983 

0.996840 

0.873004 

2B-1-OTF6 

0.987569 

0.982887 

0.964028 

0.973613 

0.998243 

0.998243 

0.998983 

0.996840 

0.904072 
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Debris Impact Worksheet 


RL Schmk* 
3/9(95 


(Probability of No Catastrophe Failure 

(Allowing 0.70 Inch Dlamator Hole) 


1 







1 Using «MW«d MSrC 100 Mlaelon Dabcla Mod 

at Baaad Upon Tank Location (Chang ad effective Araa) 

i 

s 

i 

3 

i 

i 

1 

1 









LHTaM 


Tank 

PratMbitjf 

PtobabWy 

Probabitty 

PrababUty 

ProbaWtiy 

Componanl 

Test 

Tail 

Test 

Vehicle 



Bottom 


Construction 

d No Impact 

o4 No Impact 

dNo Impact 

ol No Impact 

ol No Impact 

ProtwbWIy 

Penal 

Pamela 

Psnol 

OpUon 

Avg TPS TMdtneat 

Type 01 TPS 

Avg Foam Thickness 

Typa Ol Foam 

Typa 

(0 1 25 Inch } 

(0.1675 Inch ) 

(0 250 Inch ) 

(0.3125 Inch ) 

(0.375 Inch ) 

ol No Impact 

Reference 

Sire 

Rasutls 

IA-1 

1.30 

ATO 

0 99 

flehaerd 

8kin / Stringer 

0.702608 

0 679576 

0.937606 

0 963045 

0 975693 

0.637606 

1607 

0.167 

1.0 by O 60 Inch Hok) Assumod to bo within .7 Inch Dia Because ol TPS Thick nos* 

IA-3 

1.3* 

ATO 

6.99 

Rohacrt 

Skki 1 Stringer 

0.702606 

0.676576 

0.937606 

0.963045 

0975693 

0.697806 

1607 

0.167 

1.0 by 0 50 Inch Hole - Assumed to be within . 7 Inch Oia Because ol TPS Thickness 
















1A 2 

1.74 

ATO 

0.31 • 1 .16 

Aohiod 

Honayoomb 

0.702506 

0678576 

0.937606 

0.963045 

0.975693 

0*37606 

l*M 

0.167 

0 96 by 0 87 Inch Hole - Assumed 10 be within .7 Inch Dia. Because ol TPS Thkknes! 

1A-4 

1.24 

ARH 

.31*1.1* 

Rohao* 

Honeycomb 

0.702506 

0.676576 

0.937806 

0.963045 

0.975693 

0.037606 

1671 

0.167 

0 98 by 0 67 Inch Hole - Assumed lo be within 7 Inch Die Because ol TPS Thidrnes; 
















2A-1 

0.50 

ATO 

0.39 

Rohaoal 

Skin / Stringer 

e.eii*2i 

0.976097 

0.8I7669 

*. 993991 

0.99621* 

0.976067 

1603 

0.126 

0 45 by 0 24 Inch Hole (Assumed Nol A Problem) 

2A 3 n 

0.50 

ATO 

0 38 

Rohaoel 

Skin / Stringer 

0.83362* 1 

0.976097 

0.167569 

0.912691 

0.998218 

0 976097 

1603 

0.125 

0 45 by 0 24 Inch Hole (Assumed Not A Problem) 
















2A-? 

0 50 

ATO 

1 50 

Hohicd 

Honayoomb 

0.133628 

0.976097 

0.987569 

0 992691 

0 996216 

0.9671*9 

1*71 

0.167 

Assumed to Have no Dami9e ( Based Upon 1642, 1643) 
















3A- 1 

0 7* 

ATO 

0.58 

Rohacfd 

Skin / Stringer 

0.661130 

0.859239 ” 

0927510 

0 956831 

0.971574 

0 659239 

1605 

0.125 

None Vis We 
















3A-2 

1.05 

ATO 

.19*1.26 

Rdacd 

Honayoomb 

0.661130 

0.659239 

0 927510 

0 956631 

0.971574 

0.927510 

1671 

0 187 

Assumed lo Have no Oamage ( Based Upon 1642, 1643) 

3A-3 

1 05 

ATO 

1»*1 26 

Rohaoal 

Honeycomb 

0.661130 

0.659239 

0927510 

0.956631 

0 971574 

0.927510 

1671 

0.167 

Assumed lo Hava no Oamage ( Baaad Upon 1642, 1643) 















4A-1 

1.1? 

AFR8 

0 81 

Rohacal 

Skin / Stringer 

0 623992 

0 641219 

0917610 

0 950950 

0 967667 

0 917610 

1607 

0 187 

1 0 by 0 50 Inch Hole - Assumed to be within 7 Inch Dia Because ol TPS Thickness 
















4A ? 

1.25 

ATO 

0.18*1.16 

Rohacal 

Honeycomb 

0 623992 

064121* 

0 917610 

0.950950 

0 967667 

0.917810 

1671 

0.167 

Assumed to Have no Oamage ( Bated Upon 1642. 1643) 
















IB-1 

0.53 

ATO 

0.75 

Rohaoea 

Non-imagral Honeycomb 

0.702506 

0.678576 

0 937606 

0.963045 

0 975693 

0.937606 

1660 

0.167 

None Visfele - Test Done lor FRSI - AFRSI Assumed Better 
















2B-1 

0 50 

ATO 

0 75 

hhacd 

Norvlnlegral Honayoomb 

8. 93312* 

0. *7*097 

0.967599 

9.992991 

0.996216 

0.967569 

1660 

0.167 

None Vlstole - Tesl Dona lor FRSI - AFRSI Assumed Belief 
















28-I-OTF5 

0.3* 

ATO 

0,75 

Rohacd 

Moo-lnle^yal Honeycomb 

9 911629 

0.976097 

0.9675*9 

0.990319 

0.99379* 

0 •67669 

1660 

0 187 

None Visible - Tesl Done lor FRSI - AFRSI Assumed Belier 































1 Probability of No Cataatropho Folluro 

(Allowing 0.70 Inch Diameter Hoist 










1 Using Modified MSFC 100 Mleeton Oabrie Model BiMd Upon Tank Location (Changed tlfeallve A*aa) 

Mod (led too Mission M3FC Model For Araa Ollerance 










LH Tank 


Tank 

ProbabSty 

Probablity 

Probablity 

ProbabSty 

ProbabMy 

Component 

Test 

Tail 

Test 

Vehkie 



Top 


Construction 

o( No Imped 

ol No Impact 

o 4 No Impact 

ol No Impact 

of No Impact 

Probability 

Pane* 

Pamela 

Ptmd 

Option 

Avg TPS Thlck/m; 

Type CA TPS 

Avg Foam Thickness 

Type 01 Foam 

Typa 

(0.125 Inch ) 

(0.166 Inch ) 

(0 250 Inch ) 

(0 3125 Inch ) 

(0.375 Inch ) 

ol No Impeol 

Reference 

Si/6 

Results 

IA-1 

’ 0.47 

ARB 

0 38 

Rohaoal 

Skin / Stringer 

0 679968 

0 954210 

0 977019 

0.980459 

0 991 130 

0.964210 

1603 

0 125 

0 45 by 0 24 inch Hole ^Assumed Not A Problem) 

IA-3 

0.47 

ATO 

0.39 

Rohaodi 

BkJn / Stringer 

0.979996 

0.9S4210 

0 977019 

0.966459 

0 991130 

0 064210 

1603 

0.126 

0 45 by 0 24 Inch Hole (Assumed Nol A Problem) 
















1 A-2 

0.40 

ATO 

0 00*1.16 

Rohaoal 

Honayoomb 

0.679966 

0.954210 

0 977019 

0.966459 

0 991130 

0 954210 

1642 

0 1 25 

None Visible " 

1 A-4 

0.40 

ATO 

0.00*1.16 

Rohacafl 

Honayoomb 

0.87990* 

0.954210 

0.977019 

0.996459 

0.991 130 

0.954210 

_ 1642 

JO. 125 

None Vis We 
















2A-1 

0 43 

ATO 

0.38 

Rohaoal 

Skin / Stringar 

0.B09446 

0 965799 

0.962697 

0969929 

0 993407 

0.965799 

1603 

0.12*” 

0 45 by 0 24 Inch Hole (Assumed Nol A Problem) 

JAS 

0 43 

ATO 

0 36 

Rnhead 

Skin / Stringer 

0 909446 

0 965799 

0 9*2697 

0 999929 

0 9*3407 

0 965799 

1603 

0 135 

0 45 by 0 34 Inch Hole (Assumed Not A Problem) 
















?A 2 

0.40 

ATO 

1.50 

Rohaoal 

Honayoomb 

0.909446 

0 965799 

0 982867 

... 

0 993407 

0 965799 

164? 

0 125 

None Visible 
















3A-I 

0.40 

ATO 

0 38 

Rohaoal 

Skin / Stringar 

0.960958 

0 946553 

0.973122 

0.994149 

0 969613 

0.946553_ 

1603 

0.12* 

0 45 by 0.24 Inch Hole (Assumod Nol A Problem) 
















3A-2 

0.40 

ATO 

0 00*1 26 

Rohacal 

Honeycomb 

0.660658 

0 946553 

0 973122 

0.984149 

0 989613 

0 946553 

1642 

0 125 

None VtsWe 

3A-3 

0.40 

ATO 

0.00*1.26 

Rohaoal 

Honeycomb 

0.6*0658 , 

0 946553 

0 973122 

0984149 

0.969613 

0.946553 

1642 

0.12S 

Nona Visible 















4A- 1 

0 40 

ATO 

0 36 

Rohaoal 

Skin / Stringar 

0 843025 

0 939316 

0 969424 

0 991955 

0.966170 

0.939316 

1603 

0 125 

0 45 by 0 24 Inch Hole (Assumed Not A Problem) 

.... 

0.50 

.... ATO. . 

0 . 60 * 1 . ta 

Rohacril 

._ Honayoomb 

_ _0J6«025_ 

0 939316 

0 969424 

0 861955 

0 966170 

0 939316 

1 642 

0 125 

Nona VlsWe 

IB-1 

0,50 

ATO 

0.75 

Rohaoal 

Non- Integral Honayoomb 

0.679989 

0 954210 

0.977019 

0^9*6459 

0 991130 

0 97 7019 

1660 ~~ 

_ "o. 197 

None VlsWe ■ Test Done lor FRSI ■ AFRSI Assumed Better 
















2B-1 

0 40 

ATO 

0.75 

Rohaoal 

Non-Integral Honayoomb 

0.909446 

0.965799 

0.962667 

0.949929 

0993407 

0.982967 ” 

1660 

0.167 

None Visible Test Donefor FRSI - AFRSI Assumed Belter 
















2B- I-OTF5 

0 39 

ARB 

0.75 

Rohaoal 

Non- Integral Honeycomb 

0.909446 

0 945799 

0 962667 

0.996459 

o a»ri_3o 

0.982887 

I860 

*1*7 

None Viable Test Done for FRSI - AFRSI Assumed Belief 
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Micrometeoroid Worksheet 


R L Schmidt 
3/0/95 


1 Probability ol No Catastrophe Faikjra (Allowing 0.70 Inch Diameter Hole) 


, , — 







|u»ir>g Mod HI *4 MSFC 100 Motion Oebrle Motftl Btttd Upon Tank Looollon (Changed EHtcMv 

Araa) 

Modified 100 Mission MSFC Modal For Araa Difference 








' ^ 

LH Tank 


Tank 

Probe WHy 

Piobebilily 

Probabihly 

Probability 

Probability 

Component 

Test 

Test 

Panicle 

T a»1 
Panel 

Option 

Avg TPS Thleknaii 

Type Ol TPS 

Avg Foam Thtcfcn+ss 

Type Of Foam 

Typa 

(0.125 Inch ) 

10.1875 Inch ) 

(0.250 Inch ) 

(0.3125 Inch ) 

(0.375 Inch ) 

of No knpaol 

Refer anca 

Size 

Remits 

IA-1 

1 30 

Apnst 

0.99 

Rohacafl 

Skin / Stringer 

0.059218 

0 994405 

0 990216 

0.999263 

0.999843 

0 990216 

1607 

0.107 

1 0 by 0 50 Inch Hole • Assumed lo be withm .7 Inch Cka Because of TPS Thickness 

1A 3 

1.30 

AfTO 

0.99 

Rohacafl 

Skin / Stringar 

0.059210 

0 994405 

0.998216 

0.999263 

0 999043 

6 990210 

1607 

0.107 

1 0 by 0 SO Inch Hole - Assumed lo be within .7 Inch Oa Because of TPS Thickness 
















1A 2 

1.74 

afwh 

0.31+1.10 

Rohacafl 

Honaycomb 

0.959218 

0 994406 

O99S210 

0.999263 

0 999043 

0 998210 

1071 

0.107 

Aaaumad to Hava no Oamaga ( Based Upon 1642. 1643) 

1 A-4 

1.74 

AFRSI 

.31+1 . 1 0 

Rohacafl 

Rooty comb 

0.959216 

0.994405 

0.998216 

0.999203 

0.999043 

0.998218 

1671 

0.107 

Assumed to Hava no Oamaga ( Based Upon 1642, 1643) 
















2A-I 

0^50 

AFR3 

0.30 

Rohacafl 

Skin / Stringar 

0.991924 

0 990920 

0 999652 

0.999056 

0 999930 

0 990920 

1603 

0 125 

0 45 by 0 24 Inch Hole (Assumad Nol A Problem) 

2A-3 

0 50 

AFRSI 

0.30 

Rohacafl 

Skin / Stringar 

0.901924 

0 998920 

0 999052 

0.999050 

0 999930 

0 990920 

1003 

0,t25 

0.45 by 0 24 Inch Hole (Assumad Nol A Problem) 
















2 A -2 

0 so 

AFRSI 

1 GO 

Rohacafl 

Honaycomb 

0.991924 

0 998920 

0.999652 

0 999050 

0.999930 

0 999052 

1671 

0.1*7 

Assumad to Hava no Oamaga ( Based Upon 1042, 1643) 
















3A- 1 

0.76 

AFRSI 

0.50 

Rohacafl 

Skin / Stringar 

0 952389 

0 993510 

0.997910 

0.999136 

0.999581 

0 993510 

1605 

0 125 

Nona Visible 
















3A-2 

1.05 

AFRSI 

19+1 20 

Rohacafl 

Honaycomb 

0.952306 

0 993510 

0 997910 

0.999136 

0 999561 

0 997910 

1071 

0.107 

Assumad to Hava no Damage ( Based Upon 1642, 1643) 

3A-3 

1.05 

AFRSI 

.19+1 20 

Rohacafl 

Honaycomb 

0.952300 

0 993510 

0 997910 

0.999136 

0.999501 

0 997910 

1071 

6.187 

Assumed to Have no Damage ( Based Upon 1642. 1643) 
















4 A -1 

1.12 

APS 

0 81 

Rohacafl 

Skin / Stringar 

0.945923 

0 992010 

0.997019 

0.999016 

0.999523 

0 997619 

1007 

0.187 

1 0 by 0.50 Inch Hole • Assumad lo be within 7 Inch Dia Because of TPS Thicknes; 
















4A^2 

l 25 

AFRSI 

6.19+1. ie 

Rohacafl 

Honaycomb 

0.945923 

0 992010 

0.997619 

0.999016 

0 999523 

0 997019 

1071 

0.107 

Assumad to Hava no Oamaga ( Based Upon 1642, 1643) 














10-1 

0 55 

AFRSI 

0.75 

Rohacafl 

Non- integral Honaycomb 

0.959210 

0 994405 

0 990210 

0 999263 

0 999643 

0 999263 

1632 

0 250 

6 4 by 0 2 Inch Hole 

26-1 

0 50 

AFRSI 

0 75 

Rohacafl 

Non-Integral Honaycomb 

0.991924 

0 998920 

0 999652 

0.999050 

0 999930 

0 999850 

1632 

0 250 

0 4 by 0 2 Inch Hole 















2B-I-OTF5 

0.30 

AFRSI 

0 75 

Rohacafl 

Non-IntegraJ Honaycomb 

0.909299 

0 998567 

0.999539 

0 999009 

0 999900 

0.999809 

1632 

0 250 

04 by 0 2 inch Hole 
















1 Probability of No Catastrophe Failure (Allowing 0.70 Inch Diameter Hole) 
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llialno Mod HI ad M0FC 100 Mat Ion Debrie Modal Btttd Upon Tank Location (Changed Effective Area) 

Modfied 100 Mission MSFC Modal For Araa Difference 










LH Tank 


Tank 

Probability 

Probability 

Probatrily 

Probe brkly 

Probahtify 

Component 

Ta»t 

Tati 

Test 

Vehicle 



T °P - - 


ConH ruction 

ol No Impact 

of No Impact 

ol No impact 

ol No Impact 

of No Impact 

Probability 

‘ Panel 

Particle 

Panel" " 

Option 

Avg TPS Thlcfcnati 

TypaOfTPS 

Avg Foam Thickness 

J 

5 

! 

Typa 

(0 125 Inch ) 

(0.100 Inch > 

(0.250 Inch ) 

(0.3125 Inch ) 

"(0.375 Inch j 

of No Impact 


Sue 

Results 

IA-1 

0.47 

AFRSI 

0 30 

Rohacafl 

SMn / Stringar 

0.959210 

0.994405 

0 998? 16 

0 999263 

0.999643 

0 994405 

1603 

0 125 

O 45 by 0 24 inch Hole (Assumad Nol A Problem) 

1A-3 

0.47 

AFRSI 

0.3B 

Rohacafl 

SWn / Stringar 

0.959210 

0.99440$ 

0 998216 

0 999263 

0.999643 

0.994465 

1603 

0 125 

0 45 by 0.24 inch Hole (Assumed Not A Problem) 
















IA-2 

0.40 

AFRSI 

0 00 + 1.10 

Rohacafl 

Honaycomb 

0 959219 

0.994405 

0 990210 

0 999203 

0.999043 

0.994405 

1641 

0 125 

Test Results For FRSI - AFRSi Assumad lo be Batter 

1A-4 

0 40 

AFRSI 

0 00 + 1.10 

Rohacafl 

Honaycomb 

0.959210 

0.994405 

0.090216 

6.999203 

0 999043 

0.994405 

1641 

0 125 

Test Results For FRSI - AFHSI Assumed lojie Bstisr 
















2A- 1 

0 43 

AFRSI 

0.30 

Rohacafl 

SMn / Stringar 

0 909570 

0.995009 

0 990*70 

0 999453 

‘ 0.999735 

6.995809 

1603 

0 125 

6 43 by 6.24 Inch Hole (Assumed Not A Problem) 

2A-3 

0.43 

AFRSI 

0.30 

Rohacafl 

Skin / Stringar 

0.969570 

0.995009 

0.996670 

0 999453 

0.999735 

0.995009 

1603 

0 125 

0 45 by 0 24 Inch Hole (Assumed Nol A Problem) 
















2A-2 

0.40 

AFRSI 

1.50 

Rohacafl 

Honaycomb 

0 909570 

0.095089 

0.998670 

0 9994 53 

0 999735 

0.995009 

1042 

0 125 

None Visible 
















3A- 1 

0 40 

AFRSI 

0.38 

Rohacafl 

Skin / Stringar 

0 952380 

0.993510 

0 997910 

O.999130 

0999581 

0 993518 

1603 

0 125 

0 45 by 0 24 Inch Hole (Assumed Not A Problem) 
















3A-2 
" 3A-3 

O 40 
0.40 

AFRM 

AFRSI 

0 00+1.20 
6.00 + 1.20 

Rohacafl 

Rohacafl 

Honaycomb 

Honaycomb 

0 952360 
6.932300 

0.093510 

0.993510 

0 997910 
0 9979i0 

0 999130 
0 999 136 

0 999581 
0 999501 

0 993518 
0 993518 

1642 

1642 

0 125 
0 125 

None Visible 
None Visible 
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4A-1 

0 40 

AFRSI 

0.30 

Rohacafl 

SMn / SUkvgar 

0 949923 

0.992010 

0.997619 

6 99901 e 

0 999523 

0.992010 

1603 

0.125 

0.45 by 0 24 Inch Hole (Assumed Not A Problem) 






_ 










4A-2 

0 50 

AFRSI 

0.00 + 1.10 

Rohacafl 

Honaycomb 

0.945923 

0.992010 

0 997619 

0 9990i(5 

0.999523 

6.992010 

1042 

0 125 

Non* Visible 
















IB-1 

0.50 

AFRSI 

6,78 

Ftohacafl 

Non-lnlagral Honaycomb 

0.959210 

0.994465 

0.990210 

0 999263 

0 999643 

0.999203 

1632 

0 250 

0 4 by 0 2 Inch Hoi* 
















28-1 

0.40 

AFRSI 

0 75 

Rohacafl 

Non-lnlagral Honaycomb 

0 909570 

0 999009 

0.998070 

0 999453 

6.999735 

0 999453 

1632 

0 2 50 

0 4 by 0 2 Inch Hole 
















28 10TF3 

0.30 

AFRSI 

0 75 

Rohacafl 

Non-lntagral Honaycomb 

0.959210 

0 994405 

0.998243 

6.99920* 

6 999043 

0 999206 

1632 

0 250 

0.4 by 0 2 Inch Hole 
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SAFETY - Amenability of IHM to Detect Critical Faults 


The candidate vehicle options are compared on the amenability of IHM to detect critical faults such as critical cracks in the primary 
structure, TPS disbonds and insulation debond. For example, stringer skin constructions have a limited number of components (skin 
and TPS layers). However, the complexity of the design will cause more intensive instrumentation to monitor, more intensive 
inspections and more intensive maintenance in order to insure safe operation of the vehicle. This category is assessed on the surface are 
that these structures (tanks) will cover. The rationale being that the more surface area the structure has of a particularly difficult design 
the more difficult the structure will be to inspect, monitor and maintain. The critical features of these designs were considered to be 
stringer/skin designs, non-integrated designs and material selections. 

In general, the safety - amenability of IHM to detect critical faults was based on several assumptions. These assumptions reflect the 
difficulties of inspection and instrumentation of the design configurations during in-flight monitoring and post-flight testing as applied to 
design and materials selections. This assessment of the different design configurations of SSTO is based on several general 
assumptions. These assumptions reflect the difficulties of inspection and instrumentation of the design configurations during the in- 
flight IHM and post flight inspections as applied to design and materials selection. 

Design Assumptions 

Several design considerations affect the ability of the structure to be inspected. Primary design considerations include the complexity of 
the design, the surface area to be inspected, the number of fracture critical components and the number of components to be inspected 
of instrumented. 

Complexity of design 

Inherently, simple designs tend to be better suited to inspection and instrumentation than do complex designs. The more complex 
designs, such as skin and stringer designs have a bend and protrusions that limjt accessibility to hardware, inspection techniques, 
implementation and interpretation. It was also assumed that a more complex design may also require fabrication of specific tooling to 
facilitate inspection. 

Surface Area 

Since the NDI technologies to be employed by IHM/NDI are dependent on the area of coverage (rather than on the thickness of the 
hardware), larger surface areas would be more difficult to inspect and instrument. This implies that the elongated and multiple tank 
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The critical feature factor of stringer design evaluation as applied to post-flight inspections indicated that due to the tight bend radius 
would be difficult to evaluate using NDI techniques. Current laser based ultrasonics only allow for 30 degree angle from the inspection 
plane. This indicates that complex tooling would be required for inspection. This configuration has a greater number of critical points 
of interest. The bond lines and comers are stress concentration points that would require a concentrated level of inspection. A 
correction factor of 3.75 was applied to the stringer designs to compensate for these difficulties. 


Critical feature factor of non integral designs 

The critical feature factor of non integrated design evaluation as applied to in flight IHM monitoring indicated that these designs have 
multiple skins would effectively double the area for instrumentation. This design also increases the number of bond lines and a support 
structure for the internal tank that would increase the number of critical instumentation points. A correction factor of 2.0 was applied 
to non integral designs to compensate for these difficulties. 

The critical feature factor of non integral design evaluation as applied to post flight inspections indicated that these designs have 
multiple skins would effectively double the area for instrumentation. This design also increases the number of bond lines and adds a 
support structure for the internal tank that would increase the number of critical inspection points. A correction factor of 2.0 was 
applied to non integral designs to compensate for these difficulties. 

Critical feature factor of designs which utilize ceramic composites 

The critical feature factor of designs that utilize ceramic composites (Blackglas) as applied to in flight IHM monitoring indicated that 
there has been limited application of NDI techniques applied to ceramic composites. However, since IHM will most likely involve 
strain measuring devices and acoustic emission, there is no reason to believe that this composite material will interfere with these 
techniques. A correction factor of 1.0 was applied to composite designs to compensate for these difficulties. 

The critical feature factor of designs that utilize ceramic composites (Blackglas) as applied to post flight inspections indicated that there 
has been limited application of NDI techniques applied to ceramic composites. This indicated that inspection of this material may 
require advanced techniques or developement of techniques. A correction factor of 2.0 was applied to ceramic composite designs to 
compensate for these difficulties. 
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The composite scores were based on several assumptions related to the design configurations. The following general and critical areas 
of inspections were derived from simplified tank structures. It was assumed that the critical areas of inspection only included the area 
up to the splice, not to the frame. The critical areas were doubled to account for a more intensive inspection or instrumentations. The 
wing attachment points were scored according to the wing attachment area. Due to the similarities between designs, the wing, nose, 
canard, payload canister areas are not included in this investigation. 


The combined critical feature factor for each structure option was arrived through the following calculation: 
No. of skins + No. of TPS layers = Subtotal 

Subtotal X Critical Feature Factor = Combined Critical Feature Factor 
Table 1. Estimated Surface Areas of Tanks 


Configuration 

LH2 Tank 

LH2 Tank 

L02 Tank 

L02 Tank 

RP Tank 

General 

Critical 

General 

Critical 

General 

1A&B 

6940 

614 

4565 

422 

1593 

2A&B 

6509 

704 

4805 

277 

1593 

3 

6591* 

430 

3250* 

362 

6190 

4 

7214* 

417 

3002* 

405 

1593 


♦excluding area of common bulkhead 


Structure/TPS design analysis 

The structures were rated according to its 1) No. of skins, 2) No. of TPS layers and 3) Critical feature factor for each of the two phases 
of the structures life. The critical feature factor corrects for complicated design features, (stringer and non integrated designs) and 
material deficiencies (ceramic composites and AFRI or TABI blankets) as applied to the NDE/IHM project. It was generally 
considered that these variables would increase the difficulty of inspection by an order of magnitude. 
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Table 4. Combined Critical Feature Factors 
OPTION Combined Critical Combined Critical 

Feature Factor for Feature Factor for 

In-flight IHM Post-flight 

Inspection 


1 

9.0 

11.: 

2 

4 

8 

5 

28 

28 

7 

28 

28 

8 

9.0 

11.: 

9 

4 

8 

10 

8 

8 

11 

4 

8 

12 

12 

10 

13 

6 

7.5 

14 

12 

20 
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Page 2 


2A-2 



6509 

1408 


4805 


1593 


4705 

4705 




IHM 

4 

26036 

5632 

9 

43245 

■ESI 

14337 
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1 A Options Retained Best Scores Throughout 
Sensitivity Analysis 

SS TO 




□ Baseline □ Design & Production Doubled □ Gross Fueled Weight Doubled B Vehicle Controllability Doubled 

■ On-Pad Ops Doubled H Maintenance Ops Doubled □ Safety Doubled □ Development Risk Doubled 
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Parametric Costing Approach 


Composite Trade Study 
Selection 
Process 
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Normalized Annual Operations Cost 
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Cost Assessment Based on Total Program 


SSTO 



10.0 Total Program Cost - Ranking by cost for each phase of the program 
provided using combination of parametrics and grass-roots assessments. 
Grass roots data based on best Information now available using design 
engineers best estimates . 


• Design and Development Cost 

• Production Cost 

• Operations Cost 

• Life Cycle Cost 

• Cost per Flight 
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DDT & E Cost Used to Identify Preferred Configurations 

SSTO 



10.0 a. DDT & E Cost - (Quantitative Evaluation) - The candidate vehicle options are compared on the 
basis of estimated total DDT&E system cost. The cost estimates are based on cost estimating 
relationships(CER’s) which are complexity and weight driven. 


• Rockwell SSTO Cost Model, based on Shuttle Orbiter Cost History, used to develop 
DDT & E costs. 

• Rockwell Sizing Program used to resize each candidate configuration based on 
the Reference Mission Requirements. 

• DDT & E cost for each configuration based on: 

• Weight sizing data 

• Complexity factors based on results of “Design and production complexity 
assessment”. 
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Operations Cost Used to Identify Preferred Configurations 

SSTO 



10.0 b. Operations Cost - (Quantitative evaluation) - The candidate vehicle options are 
compared on the basis of the cost of operations as determined from the operations 
hours and cost model. 


• Rockwell SSTO Operations Cost Model used to develop an estimate for the total 
operations cost for each vehicle option. 

• Rockwell Sizing Program used to resize each candidate configuration based on 
the Reference Mission Requirements. 

• Operation cost based on sizing data and adjustment of operation complexities 
for those subsystems directly impacted by design trade information. 

• TPS refurbishment based on acreage 

• Main Engines by estimated life, quantity per vehicle, and first unit cost. 

• Facilities by size 
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Production Cost Used to Identify Preferred Configurations 

SSTO 



10.0 c. Production Coat - (Quantitative Evaluation) - The candidate vehicle options are 
compared on the basis of the determined production cost for a 3-vehicie fleet 

• Rockwell SSTO Cost Model used to develop production cost estimates for each 
vehicle option. 

• Rockwell Sizing Program used to resize each candidate configuration based on 
the Reference Mission Requirements. 

• Production costs based on sizing data and adjustment of manufacturing 
complexities for those subsystems directly impacted by design trade 
information. 

• Complexity evaluation based on results of: 

• “1.0 Production complexity assessments” : more particularly, 
manufacture and producibility evaluations. 
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Life Cycle Cost - Approach 



10.0 d. Life Cycle Cost - (Quantitative Evaluation) - The candidate vehicle options are 
compared on the basis of life cycle(DDT&E, Production, and Operations) costs over 
f^a/sofoperaftonswJgf5%cto^ 

• Rockwell SSTO Cost Models used to develop the total life cycle cost for each vehicle 
option which is driven by complexity assessment and Sizing Data. 

• Rockwell Sizing Program used to resize each candidate configuration based on 
the Reference Mission Requirements. 

• Complexity evaluation based on design, analysis, tooling, and manufacturing 
complexity assessments. 
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Cost per Flight Based on 32 Flights Per Year 


SSTO 


0 e. Cost per Flight - (Quantitative Evaluation) The candidate vehicle options are 
compared on the basis of forcasted annual operations cost and achieving a flight rate 
of 32 fights per year. 


Operations Cost estimates are based on achieving 32 flights per year for each 
configuration based on manpower assessment for each option. 






SSTO 


NORMALIZED COST 
BY 

PROGRAM PHASE 
FOR 

CONFIGURATION 

OPTIONS 
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Structures Complexity Approach(Cont) 

SSTO 

• USE GRASS-ROOTS EVALUATION TO ESTABLISH BASELINE 

• DEVELOP COMPLEXITY FACTORS FOR ALL OTHER 
CONFIGURATIONS 

• ENGINEERING: 

• NUMBER DRAWINGS 

• HOURS/DRAWING 

• TOOLING & FACILITIES 

• GRASS ROOTS FOR AUTOCLAVE & TOOLING 

• FACILITIES ESTIMATED 

• PRODUCTION: 

• TYPICALLY HRS/LB 

• MATERIAL $/LB 

I 

• RATES: USE GENERAL RATES FOR ALL PARTIES 
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Example: Design, Analysis, and Tooling Worksheet 

SSTO 



Includes Elevons 

1 Assembly Desc -> 

2 Assembly Weight -> 


Basic Inputs 


Basic 

tnput/Drwg 

|Wing Option 2A-1 f 

15,987 



Total Hour* 


Total Design & 
Dev Cost 


Total Hours 


Total Coat - 
DAD 


Structural Design 


Number 

Drawings 


Hours Par 
Drawing 


98,190 


15^630 


3.1a Complax Drawings 
3.1b Avaraga Drawings 
3.1c Simple Drawings 


1161 


1851 




440 


210 


100 


51.040 


38.850 


8,300 


Analysis 


3.2 

3.2a Complax Drawings 
3.2b Avaraga Drawings 
3.2c Simple Drawings 


1.0 

1.0 

1.0 


1161 


1851 


831 


440 


210 


100 


98,190 


51.040 


38.850 


8.300 


7,560,630 


|Support(Wte, MAP, Product!: 

.Hlty) 1 . | 1 

52 %| 

1 102,1181 | 

7,863,055 | 


IlnstallatfonDra wings 

SHU d 

ei%J 

| i 24.148 1 | 

1,859,431 | 


Total Design & Analysis 


322,646 1 | 24,843,746 


Assembly 



Weight 


Hours/lbs 


Total Hours 


Tooling Cost 


6 iToolIng 




| | 15 . 987 ) [ 


le| | 895,272 1 I 67,145,4001 
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Complexity Results For Wing Assembly(Part 1) 


SSTO 



i 1 


3 1 


Li 


Wing &Wing Attach(Northrop/Giumman) 




1A-1/1A-2 


2A-1, 

2A-1 

2A-1 

2A-1 




IB-1 

1A-3/1A-4 

2A-2 

Opt #10 

Opt Sit 

Opt #12 

Assembly — 


Weighting 

L02 Tank 

L02 Tank 

LH2 Tank 

LH2 Tank 

LH2 Tank 

LK2 Tank 

-> 


Factors 

Aft 

Aft 

Aft 

Aft 

Aft 

Art 

Type 









Construction- 









— > 

Evaluation Parameter 


Sandwich 

Sandwich 

Sandwich 

Sandwich 

Sandwich 

Sandwich 




LO Tank, 

Skirt, 

LHTank, 

LHTank, 

LHTank, 

LHTank, 




Aft Skirt, 

Thrust 

Aft Skirt, 

Aft Skirt, 

Aft 8klrt, 

Aft Skirt, 

Tank 



Thrust 

Struc 

Thrust 

Thrust 

Thrust 

Thrust 

Location — > 



Struc 

Only 

Struc 

8truc 

Struc 

Struc 

1 

Weight For Assembly 









Complmdtl*t(100 - R*f B/L) 









DOT &E(Non»Recurrlng) 

100% 







2 

Design Complexity 

30% 

110% 

200% 

100% 

150% 

140% 

160% 

3 

Analysis Complexity 

28% 

110% 

200% 

100% 

160% 

140% 

160% 

4 

Tooting Complexity 

32% 

100% 

160% 

100% 

150% 

120% 

160% 

6 

Autoclave Complexity 

6% 

100% 

120% 

100% 

140% 

120% 

100% 

6 

Attachment Complexity 

5% 

120% 

150% 

100% 

140% 

130% 

140% 

Production(Recurrlng) 

100% 







7 

(Manufacturing Complexity 

65% 

110% 

150% 

100% 

160% 

140% 

180% 

8 

Interface Complexity 

26% 

110% 

120% 

100% 

160% 

130% 

140% 

9 

Number of Parts 

5% 

100% 

120% 

100% 

150% 

120% 

160% 

10 

Material Cost 

6% 

100% 

120% 

100% 

130% 

110% 

200% 

Oparatlons 








11 

Testability 


100% 

120% 

100% 

140% 

130% 

140% 

12 

Accessibility 


100% 

100% 

100% 

120% 

110% 

120% 

13 

Maintainability 


100% 

120% 

100% 

160% 

120% 

140% 

Design A Develop Complexity 


107% 

178% 

100% 

162% 

132% 



153% 









TFU Complexity 


109% 

140% 

100% 

152% 

135% 

170% 
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Complexity Results For Intertank Area 


; a 



ll * 1 3 1 4 I s | e 1 7 I s 

9 


Intertank Section(NoG) 



1A.1B 

2A 

2B 

3A 

4A-1 

4A-2 

1A-1 Int 
Opt 11 

2A-1 M 
Opt 10 

2A-1 Int 
Opt 11 

Assemb V — 

-> 

Mid 

location 

Mid 

location 

Mid location 
♦ Wing 
Attach 

twd location 
♦ Canards 

Aft Location 

Aft Location 

Mid 

location 

Mid 

location 

Mid 

location 

Typ* 

Construction 

— > Evaluation Parameter 

Common 
Intertank 
A paytoa 
d bay 

area 

Common 
Intertank A 
payload 
bay area 

Common 
Intertank A 
payload bay 

area 

Payload bay 
aiea* 
canards - 
common 
blkhd 

area- 

breedtoal 
fuselage - 
common 
blkhd 

ares • 

circular 
fueelaga - 
common 
blkhd 

Common 
Intertank A 
payload 
bay area 

Common 
Intertank A 
payload 

bay area 

Common 
Intertank A 
payload 
bay area 

Tank 

Location — > 

LH2 Tank 
Forward 

LOS Tank 
Forward 

L02 Tank 
Forward 

L02 Tank 
Forward 

LH2 Tank 
Forward, 
L02 Mid 

LK2 Tank 
Forward, 
L02 Mid 

LH2 Tank 
Forward 

L02 Tank 
Forward 

L02 Tank 
Forward 

1 Weight For Assembly 










Complex! tl«*(100 ■ Rof B/L) 
DDT&E(Non-Racuirlng) 










2 Design Complexity 

100% 

100% 

100% 

130% 

130% 

140% 

120% 

140% 

120 % 

3 Analysis Complexity 

100% 

100% 

100% 

120% 

130% 

140% 

130% 

150% 

130% 

4 Tooling Complexity 

100% 

100% 

100% 

120% 

110% 

110% 

140% 

160% 

140 % 

5 Autoclave Complexity 

100% 

100% 

100% 

110% 

120% 

120% 

160% 

160% 

160% 

6 Attachment Complexity 

100% 

100% 

100% 

130% 

120% 

130% 

160% 

100% 

160% 

Productfon{Recurrlng) 










7 Manufacturing Complexity 

100% 

100% 

100% 

120% 

120% 

130% 

140% 

160% 

140% 

6 Interface Complexity 

100% 

100% 

100% 

110% 

110% 

120% 

120% 

160% 

120% 

9 Number of Parts 

100% 

100% 

100% 

120% 

110% 

110% 

110% 

160% 

110% 

10 Material Cost 

100% 

100% 

100% 

110% 

110% 

110% 

120% 

160% 

120% 

Operations 










1 1 Testability 

100% 

100% 

100% 

110% 

110% 

120% 

120% 

140% 

120% 

12 Accessibility 

100% 

100%! 

100% 

120% 

110% 

120% 

100% 

120% 

100% 

13 Maintainability 

100% 

100% 

100% 

110% 

110% 

120% 

130% 

150% 

130% 

Design A Develop Complexity 

100% 

100% 

100% 

123% 

123% 

129% 

133% 

149% 

133% 

TFU Complexity 

100% 

100% 

100% 

117% 

117% 

126% 

l 

133% 

150% 

133% 



NASA - ROCKWELL/SSD - NORTHROP/GRUMMAN - ROCKWELL/NAAD/TULSA - HERCULES 




S3inod3H - vsnni/avvNmaMMOOd - Nvwwndo/douH±dON - assmaMXOOd 


vsvn | 


*9 Z 

*98 

*IZ 

*ee 

*19 

*98 

*001 

%w 

%*Z 

*36 


A)|X*|duioo ndi 

%E9 

%ez 

%89 

*Z9 


*98 

*001 

*6* 

*99 

*08 



*031 

*011 

*031 

*ou 

*031 

*031 

*001 

*031 

*011 

*06 

^am\ 


*001 

*001 

*001 

%ooi 

*091 

*001 

*001 

*091 

*001 

*001 


A)|||q|M*39V <51 


%ooi 

%ou 

*001 

*06 

%0H 

*001 

*08 

*001 

*06 


“ iCiiqiiiil Ti 

mm 











•uou*j*do 

*98 

*96 

%09 

*06 

*0Z 

*06 

*001 

*SZ 

*001 

*011 

*9 

1*00 WWW 01 

*99 

%9Z ”” j 

*09 

*0 L 

*09 

*0/ 

*001 

*09 

*09 

*06 

*9 

•»»d jo j*qiunN 6 

%00 

*06 

%oo 

*06 

%09 

*001 

*001 

*09 

%0Z 

%0Z 

*93 

Aqx*|duioQ *»»H* 1 U| 8 

%oz 

%99 

%S9 

%oe 

%99 

*09 

*001 

%0Z 

*9Z 

*001 

*99 

Aux«)duioo 0 u|jmo«inu*w Z 











*001 

(0u pjna*u) uononpoid 

*oz 

*001 

%0Z 

%ooi 

*0* 

*08 

*001 

*0* 

*09 

*08 

*9 

A]|X*|duioo iu*unp*uv 9 

*oei 

*oei 

*911 

*911 

*001 

*001 

*001 

*901 

*901 

*901 

*9 

A)|x*|diuoo *A*|9oinv 9 

*0fr 

%ss 

*98 

%09 

*98 

*9Z 

*001 

*0* 

*99 

*9Z 

*38 

A)|x*|duioo ffuiiooi * 

%5Z 

%9Z 

%oz 

*0Z 

%SS 

*001 

*001 

*09 

*08 

*08 

*83 

1 MMilM; 8 

*99 

%sz 

%09 

*oz 

*S€ 

*08 

*001 

*0> 

*09 

*08 

%oe 

A||x*|duioo uot«*o c 











*001 

(Duiiind*u-uoN)3ViaG 
h/Q *9U*i*|*u ■ 001>*[lP‘*l du| oo 


0086 

0000 1 

0038 

00*9 

0001 1 

0068 

00*9 

0086 

0068 


A|qui*t«V W*l *M 1 

•J03 

LpfMpUVt 


ex>3 

ipiMpum 

m 

ejoo 

i43|Mpum 



*363 

qD)MpiJM 

5365 

M3)MpUVt 

(9UJB1XB 


<— U0||I90*| 

UW1 

5uS3j 

-ip|MpUOT 

(ejtemi 

H 

tuivjj 

•IpjMpUVt 

•pjfifttui 


MOfMpum 

fiiteiui-uoN 

(§3 

5uSIj 

•jeOujjp 

-LHH« 

-pjBeHll 

qCHMpuBS 

•pjfieiui 

•uon 

•tp(MpUM 

-|BJfi*lU| 

B3 


i*l*ui*i*d ao|j*n|«A3 < — 

4M|pnii*uoo 

•dAl 

lll¥rT 

IE 

PMUI8 

UiOQ-pMi 
Mini 2U1 

pwia 

UK>3i>Mj 
Mini ZHl 

PMUI8 
kiwi an 

UV 

J«u»I CHI 

uv 

UV 

1 CHI 

PJVMJOJ 

nun chi 

pifMiOJ 

Hu»i an 

pJVM. IOJ 

Wl CHI 


< A|qui***v 

1 wi 

i-v* 

ewv* 

i-vt 

1-83 

3-V3 

m 

1-81 

*“V1/3*V1 

c-vi/i-vi 


uo|idjjo*«a *U0|18J9d0 



Bsinih 

1UB1 ua 

6ojpAH 

Pinbn 



1 6i 1' # 1 6 1 i 1 * . 1 9 1 * 1 « 1 1 i 





01SS 


^ ^ 1 

>|ubi ZH1 J°d sunseu Aijxeiduioo 



































































































































































































‘£-o 


Complexity Results For Thrust Structure 
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Thrust Structure-Ill Isa 



1.2.3A 

4A-1 

4A-2 

Aeeembly — 

-> 

Weighting 

Factors 

Aft Skirt 
Interface 

Aft Skirt 
Interface 

Aft 8km Interface 

Typ# 

Construction 
— > 

Evaluation Parameter 


Conical Shell - 
longeron frame 

Truss 

Construction 

Conical Shell - 
longeron frame 

Tank 

Location— > 


LO Tank, AH 
Skirt, Thruet 
Slruc 

LO Tank, Aft 
Skirt, Thrust 
Slruc 

To Aft Skirt, 
Thrust Slruc Only 

— i 

Weight For Assembly I 





Complex! tie t(1 00 • Reference B/L) 
DDTSE(Non-Reeurrlng) 

100% 




2 

Design Complexity 

30% 

100% 

130% 

110% 

3 

Analysis Complexity 

20% 

100% 

130% 

110% 

4 

Tooling Complexity 

32% 

100% 

00% 

100% 

5 

Autoclave Complexity 

5% 

100% 

00% 

100% 

6 

Attachment Complexity 

6% 

100% 

135% 

100% 

ProductionCReeurrlng) 

100% 




7 

Manufacturing Complexity 

65% 

100% 

130% 

110% 

e 

Interface Complexity 

25% 

100% 

136% 

100% 

9 

Number of Parts 

6% 

100% 

140% 

100% 

10 

Material Cost 

5% 

100% 

91% 

100% 

Operations 





11 

Testability 


100% 

120% 

100% 

12 

Accessibility 


110% 

100% 

110% 

13 

Maintainability 


100% 

100% 

100% 





Design & Develop Complexity 


100% 

112% 

106% 

TFU Complexity 


100% 

130% 

107% 
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• ACQUISITION COST FOR 3-VEHICLE FLEET 

• OPERATIONS COST ANNUAL COST/YEAR RATE 

. 32 FLIGHTS / YEAR USED AS BASE 
• COST DRIVEN BY: 

• VEHICLE DRY WEIGHT 

• ACREAGE OF TPS 

• NUMBER OF ENGINES 

• VEHICLE SUBSYSTEM FIRST UNIT vs. ORBITER 
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Configuration 1A Finite Element Model 


• Forward Hydrogen Tank - IM7 - 977 

• Aft LOX Tank - Aluminum Lithium 

• Both Tanks are Integral 

• 2200 Square Foot Wing - BMI, Tied with Struts to 
LOX Tank 

• Payload Canister Between Tanks 



Single RP Tank Under Payload Canister - BMI 

• Twin Vertical Tails, 816 Square Foot - Supported 
On The Thrust Structure - BMI 

• Conical Thrust Structure - IM7 - 977 

• Maximum Diameter of Fuselage - 384 Inches 
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Configuration 2A Finite Element Model 


Aft Hydrogen Tank - IM7 - 977 
Forward LOX Tank - Aluminum Lithium 
Both Tanks are integral 

2200 Square Foot Wing - BMI, Tied with Struts to 
Hydrogen Tank 

• Payload Canister Between Tanks 



Single RP Tank Under Payload Canister - BMI 

• Twin Vertical Tails, 816 Square Foot - 
Supported On The Thrust Structure - BMI 

• Conical Thrust Structure - IM7 - 977 
Maximum Diameter of Fuselage - 384 Inches 
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Configuration 3 Finite Element Model 

• Forward Payload Bay - BMI 

• Forward Payload Canister 

• Four RP Tanks Under Payload Canister - BMI 

• Forward Canard, 363 Square Foot - Supported on the 
Aft Bulkhead of the Payload Bay - BM 

• Common Bulkhead Arrangement For Fuel Tanks, 

Hydrogen on Top LOX on Bottom 


SSTO 




• 2200 Square Foot Wing - BMI, Tied with Struts to 
LOX Tank 

• Twin Vertical Tails, 816 Square Foot - Supported On 
The Thrust Structure - BMI 

• Conical Thrust Structure - IM7 - 977 

• Maximum Diameter of Fuselage - 384 Inches 
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Configuration 4A -2 Finite Element Model 


• Common Bulkhead Arrangement For Fuel Tanks, 
Hydrogen on Top LOX on Bottom 

• 2200 Square Foot Wing - BMI, Tied to Aft Payload 
Structure 

• Aft Payload Bay “Conical Shape” - BMI 

• Single RP Tank Under Payload Canister - BMI 


SSTO 


■ptli 

m M m 


w/mn 


Twin Vertical Tails, 816 Square Foot - Supported 
On The Thrust Structure - BMI 

Conical Thrust Structure - IM7 - 977 

Maximum Diameter of Fuselage - 408 Inches 
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Load Factors For Finite Element 


Model Configuration 2B 

SSTO 



LOAD CASE DESCRIPTION 

FUEL TANK WEIGHTS 

Payload 

Weight 

Lbs 

LOAD FACTORS (ACCELEF 

tATIONS) 

ENGINE 

THRUST 

Lbs 

LH2 TANK"" 
Lbs 

LOX TANK 
Lbs 

HP TANK 
Lbs 

Nx 

AS 

Ny 

g' 8 

Nt 

g' 8 

Prelaunch - Unfueled - wind - Z direction 

0 

0 
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1.0000 
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0.0000 
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Prelaunch • Unfueled • wind +Z direction 

0 

0 

0 
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1.0000 

0.0000 

0.0000 
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Prelaunch - Fueled - wind - Z direction 

183,456 1 
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0.0000 

0.0000 

0 

Pralaunch - Fueled - wind +Z direction 
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1,900,444 

221 ,946 
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1 .0000 

0.0000 

0.0000 
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Lift-off - wind - Z direction 


Lift-off - wind +Z direction 


183, ,456 
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1,900,444 


221,946 

221,946 


JOfOOO 

40,000 


1.3200 
1 .3200 


0.0000 

0.0000 


-0:0109 

0.0016 


3,394,000 

3,395,088 



TAEM Maneuver 2.5 g 


1 917 1 9,502 I 1,110 i 40,000 1 -0.7995 
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Nose Gear Landing - Sprlnqback 


917 
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1,110 


40,000 
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0.0000 


2.9780 
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Load Factors For Finite Element Model Configuration 3 


SSTO 



LOAD CASE DESCRIPTION 

FUEL TANK WEIGHTS | 

Payload 

Weight 

Lbs 

LOAD FACTORS (ACCELERATIONS) 

ENGINE 

THRUST 

Lbs 


LHZTANK 

Lbs 

LOX TANK 
Lbs 

rpTANk 

Lbs 

Rx 

Ny 

fl'a 

NZ 



Prelaunch • Unfueled • wind • Z direction 

0 

0 

0 

40,000 

1.0000 

0.0000 

0.0000 

0 

Prelaunch - Unfueled - wind +Z direction 

0 

0 

0 

40,000 

1.0000 

0.0000 

0.0000 

0 

Prelaunch - Fueled - wind - Z direction 

183,456 

1 ,900,444 

221,946 

40,000 

1.0000 

0.0000 

0.0000 

0 

Prelaunch - Fueled - wind +Z direction 

183,456 

1,900,444 

221,946 

40,000 

1.0000 

0.0000 

0.0000 

0 

Lift-off - wind - Z direction 

183,456 

1,900,444 

221,946 

40,000 

1.3200 

0.0000 

-0.0307 

3,352,592 

Lift-off - wind +Z direction 

183,456 

1,900,444 

221,946 

40,000 

1.3200 

0.0000 

0.0054 

3,352,712 

Max a Alpha - positive angle of attack (4 Degrees) 

143,743 

1,361,670 

138,549 

40,000 

1.5500 

0.0000 

0.3299 

3,788,432 

Max q Alpha - negative angle of attack (4 Degrees) 

143,743 

1,361,670 

138,549 

40,000 

1.5500 

0.0000 

-0.5567 

3,747,064 

Max q Beta - positive angle of attack (4 Degrees) 

143,743 

1,361,670 

138,549 

40,000 ] 

1.5500 

TBD 

0.0000 

TBD 

Max Thrust - angle of attack Is zero 

99,850 

766,184 

46,373 

40,000 

3.1500 

0.0000 

-0.0747 

3,898,368 

TAEM Maneuver 2.5 g 

917 

9,502 

1,110 

40,000 -0.6830 0.0000 

2.5000 

0 

Main Gear Landing • Max Vertical Load 

917 

9,502 

1,110 

40,000 

-0.9619 

0.0000 

3.1066 

0 

Main Gear Landing - Spin-up 

917 

9,502 

1,110 

40,000 

-1.1100 

0.0000 

2.4904 

0 

Main Gear Landing - Springback 

917 

9,502 

1,110 

40,000 

0.7478 

0.0000 

2.8680 

0 

Nose Gear Landing - Max Vertical Load 

917 

9,502 

1,110 

40,000 

-0.6660 

0.0000 

2.2954 

0 

Nose Gear Landing - Spin-up 

917 

9,502 

1,110 

40,000 

-0.7176 

0.0000 

2.9968 

0 

Nose Gear Landing - Springback 

917 

9,502 

1,110 

40,000 

-0.6483 

0.0000 

2.9993 

0 
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Configuration 3 - Shear Force 
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Load Factors For Finite Element 


Model Configuration 4A - 1 

~ SSTO 



LOAD CASE DESCRIPTION 

FUEL TANK WEIGHTS | 

Payload 

LOAD FACTORS (ACCELERATIONS) 

ENGINE 

THRUST 

Lbs 


LH2 TANK 
LbS 

LOX TANK 
Lbs 

RP TANK 
Lbs 

Weight 

Lbs 

NX 

-fli 

Ny 

Jii 

NZ 

as 

Prelaunch - Unfueled - wind - Z direction 

0 

0 

0 

40,000 

1.0000 

0.0000 

0.0000 

0 

Prelaunch - Unfueled - wind +Z direction 

0 

0 

0 

40,000 

1.0000 

0.0000 

0.0000 

0 

Prelaunch - Fueled - wind - Z direction 

183,456 

1,900,444 

221,946 

40,000 

1.0000 

0.0000 

0.0000 

0 

Prelaunch - Fueled - wind +Z direction 

183,456 

1,900,444 

221,946 

40,000 

1.0000 

0.0000 

0.0000 

0 

Lift-off - wind - Z direction 

183,456 

1,900,444 

221,946 

40,000 

1.3200 

0.0000 

-0.0212 

3,480,234 

Lift-off • wind +Z direction 

183,456 

1,900,444 

221,946 

40,000 

1 .3200 

0.0000 

-0.0003 

3,480,234 

Max q Alpha - positive angle of attack (4 Degrees) 

143,743 

1,361,670 

138,549 

40,000 

1.5500 

0.0000 

0.0770 

4,410,134 

Max q Alpha - negative angle of attack (4 Degrees) 

143,743 

1,361,670 

138,549 

40,000 

1.5500 

0.0000 

0.0770 

4,317,210 

Max q Beta - positive angle of attack (4 Degrees) 

143,743 

1,361,670 

138,549 

40,000 

1.5500 

TBD 

0.0000 

TBD 

Max Thrust - angle of attack Is zero 

99,850 

766,184 

46,373 

40,000 i 

3.1500 

0.0000 

-0.0135 

3,915,768 

TAEM Maneuver 2.5 g 

917 

9,502 

1,110 

40,000 | -1.2306 0.0000 

2.5000 0 

Main Gear Landing - Max Vertical Load 

917 

9,502 

1,110 

40,000 

-0.8647 

0.0000 

1.6110 

0 

Main Gear Landing • Spin-up 

917 

9,502 

1,110 

40,000 

-0.9239 

0.0000 

1.2963 

0 

Main Gear Landing • Sprlngback 

917 

9,502 

1,110 

40,000 

0.1480 

0.0000 

1.8973 

0 

Nose Gear Landing - Max Vertical Load 

917 

9,502 

1,110 

40,000 

-0.4856 

0.0000 

1.2367 

0 

Nose Gear Landing • Spin-up 

917 

9,502 

1,110 

40,000 

-0.5525 

0.0000 

1.5800 

0 

Nose Gear Landing • Sprlngback 

917 

9,502 

1,110 

40,000 

-0.5248 

0.0000 

1 .5644 

0 
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Configuration 4A - Shear Force 
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Fuselage Station Cuts (Inches) 
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Load Factors For Finite Element Model Configuration 4A - 2 


SSTO 



LOAD CASE DESCRIPTION 

FUEL TANK WEIGHTS 

Payload 

Weight 

Lbs 

LOAD FACTORS (ACCELERATIONS) 

ENGINE 

THRUST 

Lbs 


LH2 TANK 
Lbs 

LOXTANK 

Lbs 

BP TANK 
Lbs 

Nx 

g's 

Ny 

fl» 

NZ 

g;» 

Prelaunch - Unfueled - wind • Z direction 

0 

0 

0 

40,000 

1.0000 

0.0000 

0.0000 

0 

Prelaunch • Unfueled - wind +Z direction 

0 

0 

0 

40,000 

1.0000 

0.0000 

0.0000 

0 

Prelaunch - Fueled - wind - Z direction 

183,456 

1,900,444 

221,946 

40,000 

1.0000 

0.0000 

0.0000 

0 

Prelaunch • Fueled - wind +Z direction 

183,456 

1,900,444 

221,946 

40,000 

1.0000 

0.0000 

0.0000 

0 

Lift-off - wind • Z direction 

183,456 

1,900,444 

221,946 

40,000 

1.3200 

0.0000 

-0.0234 

3,394,856 

Lift-off - wind +Z direction 

183,456 

1,900,444 

221,946 

40,000 

1 .3200 

0.0000 

-0.0029 

3,394,856 

Max q Alpha - positive angle of attack (4 Degrees) 

143,743 

1,361,670 

138,549 

40,000 

1.5500 

0.0000 

0.0917 

4, 172,648 

Max q Alpha - negative angle of attack (4 Degrees) 

143,743 

1,361,670 

138,549 

40,000 

1.5500 

0.0000 

-0.3643 

4,216,696 

1 Max q Beta • positive angle of attack (4 Degrees) 

143,743 

1,361,670 

138,549 

40,000 

1 .5500 

TBD 

0.0000 

TBD 

Max Thrust - angle of attack Is zero 

99,850 I 766,184 

46,373 

40,000 

3.1500 

0.0000 -0.0230 

3,712,096 

TAEM Maneuver 2.5 g 

917 

9,502 

1,110 

40,000 

j -0.8954 

0.0000 2.5000 0 

Main Gear Landing • Max Vertical Load 

917 

9,502 

1,110 

40,000 

-0.7379 

0.0000 

2.5066 

0 

Main Gear Landing - Spin-up 

917 

9,502 

1,110 

40,000 

-0.8837 

0.0000 

1 .9205 

0 

Main Gear Landing - Sprlngback 

917 

9,502 

1,110 

40,000 

0.3784 

0.0000 

2.2841 

0 

Nose Gear Landing - Max Vertical Load 

917 

9,502 

1,110 

40,000 

-0.4343 

0.0000 

1 .2504 

0 

Nose Gear Landing - Spin-up 

917 

9,502 

1,110 

40,000 

-0.4571 

0.0000 

2.0664 

0 

Nose Gear Landing - Sprlngback 

917 

9,502 

1,110 

40,000 

-0.4258 

0.0000 

2.0284 

0 
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Configuration 4B - Shear Force 
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Analysis Methodology for Composite Stiffened Skin 
( Cont.) 

REUSABLE 

Calculate Column Slenderness Ratio for Frame Spacing, L (in.) cryotanks 

L'= L/ Vc , Where c (assumed) = 1.4 For Semi-Pinned Ends 

r ExIxx..x 

P= W ] 

Check Mode of Failure 

for L’ /p > 47lExstiff - Section Will Fail By Stiffener Crippling 

Exstiff + 4 F s u?f 

for L'/p < 47lExstifr Section Will Fail By Elastic Buckling or Interaction Between Buckling 
Exstifr+ 4 Fs^ifr anc j crippling 



Calculate Fco and Fcr 


Fco=F stiffener [l4 


4E 


CC 

stiffener 


Fcr = Fco[l - 


Exstiffener 

Fco(L'/p) 2 
4 71 2 Exstiffener 


] 


] If Fcr < 


Fco 


Section Will Buckle As An Elastic Long Column (Euler), 


Fcr = 


7T 2 EXstiffener 

(L'/p) 2 
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Example Calculation - Composite Stiffened Skin 


Stiffener/Skin Cross Section 


REUSABLE 
CRYOTANKS 




LAMINATE CONFIGURATIONS 

1,2,4 (70/ 30/0); E x = 15.2xl0 6 ; F x cu = 1 1 5.0 KSI (-423 F) 
3 (100/0 / 0); E x = 20.4jd0 6 ; F x cu = 222.0 KSI (-423 F) 

5 (±54.7); E x = 3.0x1 0 6 ; F x u - 30.4 KSI (-423 F) 


CROSS SECTIONAL PROPERTIES 


— EEE 

Ex 

(msi) 

5 

(in.) 

f 

(in) 

A 

(in. 2) 

— ExA — 

7 

(in.) 

ExAY " 

ExAY2 r " 

Exlo 

1 

16.2 

U.b 

U.132 

U.066 

1.0032 

1.434 

1.436589 

2.062936 

0 . 00145 / 

2 

15.2 

0.066 

1.258 

0.083028 

1.262026 

0.739 

0.932637 

0.689219 

0.166436 

3 

20.4 

— 

— 

0.01125 

0.2295 

0.16 

0.03672 

0.005875 

- 

4 

15.2 

1.5 

0.022 

0.033 

0.5016 

0.099 

0.049658 

0.004916 

0.0002 

5 

3 

4.5 

0.088 

0.396 

1.188 

0.044 

0.052272 

0.0023 

0.000766 

“SOffl”" 




omf 

4.1 84320" 


2.50987(3 

2.765246 

0 . 1686^9 


Y = ( 2 - 509876) =0.59 9 828 in.(from REF.) 

(4.184326) 

EI^ =(2.765245)+ (0.168679)- (4. 184326)(0.599828) 2 = 1.42843 lxl0 6 /fa.-i>i. 2 
E X A = 4.184326 lbs. 
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Example Calculation - Composite Stiffened Skin 

REUSABLE 

Element 2 Stiffener Web cryotanks 

b/t = (1.086)/(0.066) = 16.45 (NEF) 

Calculate - 



(16.45){(0. 130499)} = 2.15 

/^ c / f x cu = 0.46 (for parameter = 2.15) NEF 
F cc 1 = (0.46)(1 15000) = 52900psi 
_cc (0.5)(0.132)(1 12700) + (1.086)(0.066)(52900) 

l + 2_ (0.5X0.132) + (1.086)(0.066) 

= 81560psi (Stiffener) 


Element 3 (Filler): 

(2422)(20.4)(4.5) 

fcUmn ~ (4.184326) ' 5m6pS ' 

Element 5 (Tank Skin): 

J (4.184326) 


Calculate Element Strength Margins 


M.S. 3 
M.S. 5 


(115000 )_ _ j = +f//GH 
(1.4X39592) 

(222000) _ j = +//;G// 

(1.4) (53136) 

(30400) - 1 = +HIGH 

(1.4) (7814) 
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Optimization Analysis for Honeycomb Sandwich 
Cylinders 


Axial Compression (Isotropic Facesheets) 
Design Allowable Buckling Stress: 

. h iftfi 


REUSABLE 
CRYOTANKS 



r yl 1-p 2 (tl + t 2 ) 


1 


^cr ly \=y\CcE 
for t x = t 2 = tf 

° Cr '" = y ' CcE R^ 

(Equal Facesheets, R = Radius of Cylinder) 

For the region of application C c = (1 - V c ) for — ^ < 1 

Gqz 



Honeycomb Core 
dhesive (typ) 
t 2 


acesheet (typ) 


and 0.95 (1 - V c ) for ^ > 1. 

Gqz 


cEt 


With V c = - , 

2j\ - y?hRG xz h 


f— ,7»1 and using C c = ( l-V c ), 


<j C r ! ”*1 


y i 




l- 


Etf_ 


Correction Factor for R / p 


2RG XZ ^?\ R 
Introducing the load requirement and assuming N x = 2 tp cr ( T l ~ 0» 


A\ 


_ y i 


2 / 


7 


~°cr~ n — 2 




Et 


X 
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Optimization Analysis for Honeycomb Sandwich 
Cylinders 

REUSABLE 
CRYOTANKS 

Check for stability to preclude intracell buckling and facesheet wrinkling. 



E 

<j cr / r| = K l where K, is a function of tf / 5 (s = honeycomb cell size) 

1 - \l 2 J 

o cr / rj = KfylfEE^Gc where E c = flatwise compression modulus of core 


G r = shear modulus of core 


K w = 0.43 


Note: These isotropic formulas will be used for trade study 

sizing. They will be modified for orthotropic properties 
for detail design. 
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Intertank Skin Sizing Analysis Examines Strength, Wrinkling, 
and Stability Failure Criteria 


Finite Element Model Forces 


I 


• Laminate Strength Check : 

Margin of Safety M.S.= e allowable /e applied -l 

e.ppiied = N x /2tE x for sandwich 

N„- Load applied 
E x - Modulus 

t- each face sheet thickness 

^allowable = tom established design allowables (e faiedhole compression ) 

• Face Sheet Wrinkling Check: 

F„ = [.82(E c t/ (E,E ) “ t c ) ,fl (E.E ) '"]/ ( l+.64k) 


M S - (F wr /f ap p)j e d) - f 

where k= (8E C )/ t c F c and 8 = . 0052 
Reference: MIL-HDBK-23A, pg 3-4, eq. 3:6 


Composite 



• Shell stability Check: 

F c = ((kK(E x E y ) m )/ X xa )(h/r) 


M.S.= (F c /f appljed )- 1 

Reference: MIL-HDBK-23A, pg 12-3, eq 12:3a 

k- reduction factor, cylinder 
K- theoretical buckling coefficient, core 


NASA - ROCKWELL/SSD - NORTHROP GRUMMAN - ROCKWELL/N AAD/TU LS A 


COMPETITION SENSITIVE 


250 




TSZ 


3AI1ISN3S N 011113d MOO 


vsnni/avvNmaMaooa - Nvwwnuo doamaoN ■ assmaM>iood - vsvn 


l- ( J dAO- S'W 


ggirey joj OT (*a*H) =3 



3T/ e ( J q) J J =1 

w e ( M q/“i)a = £ M qAae =a 


t/i' 


(ia^)z = d 

5|33i|3 Mi|iqe)s 93 ub|j jsuuj . 


I -** u, 3/ s,,,moi *3 = S'IA[ jo uiSjejai 


x m = xnu 3 
v/d + ipw =J 

! 5 p 5 tji 5 t|; 3 ud.i)s ajeuiuieq • 



90‘ZP6 IcniropM u3isaa iKinpiujs naM^poy aauajajaj 

“ SU,EJJ a/(^)C’ s *NVoix8t/9 = u,uy ia 

(upis jo X]inqBisui pjjauaS umaid) 

juaiuojinbay ss 5 uJJT|s aiuej j • 

sainioruts 

eiisodiuoo 



euaiMO ajnijBj Ajjiiqeis 
‘qiBuaJis saujuiexg sjsA|bu\/ Bums auiejj >)UBija;u| 




Intertank Frame Sizing Analysis Examines Crippling 
Failure Criteria 




• Cri p plin g Check (Reference Northrop Grumman PBUCKL-5 analysis code) 
General Equation 

e„= a tjtjtJ 

£ cs - crippling strain,£ cr - initial buckling strain 

£ cu - compression ultimate laminate 

a, p - coefficents developed from test data 
For flange 

^cs flange = .45£ cr (£ cu /£ cr ) ” 

where £ c = ( 1 2D 6e /b 2 tE x )+(4jt 2 D, /L'tE,) 

M.S.= e csnange /e, pp -l 


’ Composite 
Structures 


For web 

£„.,»= .siejejej 


.48 



frame cross section 
(conceptual) 



Finite Element Model 


where £ cr = (27t 2 /bt 2 E x )[(D n D 22 ) l/2 +D 12 +2DJ 

if £ cs web <£ CS flange then 

e cs =[(E x A nange )/ (E a A 

flange^^x^web^-K ^cs flange E cs we h) "t" F cs we (, 


M.S.= e ca /e ann -l 
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Wing Skin Sizing Analysis Examines Strength, Wrinkling, and 
Stability Failure Criteria 


Finite Element Model Forces 




Composite 

Structures 

ff Nx 



• Laminate Strength Check: 

Margin of Safety M.S.= e allowable /e applied - 1 

e apP bed = N x /2tE x for sandwich 

N x - Load applied 
E,- Modulus 

t- each face sheet thickness 

Allowable = f rom established design allowables 

» Face Sheet Wrinkling Check : 


F wr = [. 82 { E c t/ (E X E ) 1/2 t c } m (E X E ) 1/2 ]/ (l+.64k) F c =( 7t 2 K/4)(h/b) 2 ((E x E y ) 1/2 IX) 


M.S.= (F wr /f appIied )-l 

where k= (8E C )/ t c F c and 5 = .0052 
Reference: MIL-HDBK-23A, pg 3-4, eq. 3:6 



Skin Stability Check: 


R*=fc*/F c , R y =f cy /Fcy 
M.S.= R x -1 ^ 


Interaction curves 


References: MIL-HDBK-23A ppg 5-2, eq. 5:2a 
Northrop Grumman Structural Design Manual pg 301.6.4 
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Wing Analysis includes Examination of Fastened 
and Bonded Joints 

"""" Composite 

Structures 

Fastened Joint 



• Calculate maximum load per fastener, 
P, using grid point forces 


• Calculate allowable load per fastener 
using analysis code BJSFM, Pallow 
(ref. Northrop Grumman Structural 
Design Manual section 402.6) 

M.S.=( P allow /P)-1 

Bonded Joint 

• Calculate maximum shear flow 

q=P/L 

• Calculate allowable shear flow 

d allow — F su (^eff) 




spar 


skin 



section a-a sparweb 


M.s.= (q a , | 0W / q) -1 
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